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PREFACE 
The Symposium is the seventh in a series dealmg with various important aspects of joint 
Russian/Norwegian investigations of commercial fish resources of the Barents Sea and 
adjacent waters. In accordance with the 24a Session of the Joint Russian/Norwegian Fisheries 
Commission, it took place in Murmansk under the title "Gear Selection and Sampling Gears". 
The researchers from both institutes were invited to contribute papers on the topics as follows: 
1 .  Methods for fuh behaviour studies - methods and equipment used, theoretical studies 
and modeling of fish behaviour. 
2. Fish behaviour in relation to fishin? eears - species and length depending behaviour, 
environmental influenced behaviour, social behaviour. 
3. Fishine eear selectivitv - species and size selective fishing, selectivity and measures of 
reliability of stock parameters. 
4. S a r n ~ l i n ~  gears - constmction and operation, comparison of efficiency, reliability 
nieasures of fishing power analysis. 
The importance of these topics is determined by the fact that the fish behaviour has a great 
influence on many problems of stock assessment and capture process, which, in its turn, are 
basic for fisheries investigations. Therefore, scientific discussion of the topics and exchange of 
opinions between scientists of both institutes have to prove the better understanding of these 
problems for the best management of fish resources. 
The editors will express their thanks to workers of PINRO International department - 
Valentina Volkova, Ekaterina Volkovinskaya, Natalya Kovalenko and Svetlana Kornilova for 
their valuable help in preparing of the Symposium, and workers of PINR0 Press - Lyudmila 
Nesterova, Tatyana Popova, Irina Kryzhanovskaya and Nadezhda Mitrofanova for their great 
work to issue the Proceedings in the shortest term. 
Murmansk, October 1997 
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NEW UNDERWATER TV METHODS AND EQUIPMENT 
FOR OBSERVATIONS OVER MARINE ORGANISMS 
Polar Research Institute of Marine Fisheries and Oceanography ( P m ) ,  
6 Knipovich str., Murmansk, 183763, Russia 
The data on fish behaviour should be used not only to leam general regularities but also to 
control fisheries and research operations. To study behaviour and to estimate abundance of 
marine organisms the videoamputer systems are developed in PMRO. Their basic 
methodological principle is obtaining and processing of video infonnation under real time 
mode. Video-computer system on the basis o f  ROV "Ocean Rover" has been intensively 
applied for stock assessment of Icelandic s d o p  during recent 3 years. Experirnental 
works were undertaken to develop videoacoustic and laser TV systems. 
INTRODUCTION 
All investigations of fish behaviour, from the viewpoint of methodology, are model 
experiments. Independently of being carried out either in an aquarium or in a cage or even by 
means of underwater vehicles, includiig observations of fish during trawling, these are 
observations under certain conditions which are regarded as average or typical ones. Therefore 
these studies enable us to reveal general regularities of fish behaviour which can be used when 
constructing fishing gears or estimating survey accuracy provided that accumulation of statistic 
data is sufficient. Hewever, thisknwiedge cannot be direetly used hr-researdi er fiskeries 
operations, for example, in order to increase accuracy of survey or to control fishing process. 
It is not enough for successtul fisheries only to improve fishing gears. It would be much better 
to control a trawlig process during fishing adapting it to fish behaviour and to composition of 
aggregation. In this case, it is necessary to obtain current data on the behaviour and the 
composition during trawling. 
It wiii be also possible to improve an accuracy of acoustical surveys if we are able to take into 
account such characteristics. It is known, for exarnple, that variations in orientation of fish 
during diierent time of day could be a reason for essential errors when estimating the TS for 
fish (Buerkie, 1983), however, this aliows to estimate only a general accuracy of survey but 
reveals few possibiities for its improving. It would be expedient to eliminate these errors and it 
is therefore necessary to obtain cwent data on fish orientation both when estimating TS and 
during survey. 
In all sirnilar cases the information about fish behaviour should be received in real time mode or 
close to it. Such method of obtaining data is universal both for revealing general regularities of 
behaviour and for their application in practice. Obtaining of information in real time mode is 
therefore considered to be the most forward-looking principle of methods for studying fish 
behaviour in marine conditions. 
Therefore now it is the right time to develop a new direction of fish behaviour studies method 
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- a creation of methods and equipment for receiving real time data on fish behaviour in order 
to control fisheries and research operations. 
METHODICAL PRINCIPLES OF CHOOSING HARDWARE 
Studying of interaction between marine organisms and fishing gears is based on investigation 
on reaction of individuals. This provides for studying of fish behaviour by means of facilities 
for underwater observations. As a mle, the manned underwater vehicles were used for these 
purposes during many years (Zaferman, 1994a; Korotkov, Kuzmina, 1972). Visual underwater 
observations over fishing objects under natural environment ensure the conducting the 
investigations like those in aquarium and, thus, the best understanding of the processes and 
phenomena occumng under water. At present, when such understandimg has been achieved, 
measurements of large arrays of quantitative parameters characterizing behaviour of marine 
organisms are necessary first of all. Therefore, underwater TV is at present of much 
importance, while it is inferior to visual observation at a leve1 of understanding, but has a lot of 
advantages, i.e. simplicity and safety in use, less cost of exploitation, possibiiity to be under 
water for a long time and to obtain and process data in real time mode. 
Underwater TV, as the instrument for investigations, should produce information about 
underwater objects in a quantitative form, i.e. should be a measurement system. As a rule, size 
and orientation of fishing objects, density of concentrations and distance between specimens 
are to be measured. 
Operation within real time mode provides for computer processing of visual information. Such 
technology produces double effect, i.e. automatizes a TV survey and can compensate a lack of 
understanding of underwater situation compared to visual observation. 
Thus, TV system, being considered as the instrument for underwater observations, cannot be 
only a means of obtaining "picture", but should represent a measuring video-computer system 
supplying a researcher with the data on movement and geometrical parameters of objects 
within real time mode. Such "intellectual TV' is a powerful means for obtaining information on 1' 
fish behaviour in order to use it efficiently for investigations and during fishing. 
Disadvantage of underwater TV is its low visibility range in water. To increase it special 
measures are necessary to reduce back scattemng of light. Such measures muld be the 
increase of distance between the light source and receiver, observations in polarized light, laser 
t 
strobe or scanning light, as well as a combination of these methods. I 
RESULTS OF DEVELOPMENTS 
Video-com~uter system for Icelandic scallop assessment 
The system was developed in 1994 on the basis of towed remotely operated vehicle (ROV) 
"Ocean Rover" (McGregor, 1985). Besides the ROV, it includes a computer with proper 
software and a satellite navigation system (GPS). The computer collects information on spatia1 
position of TV camera, on geographical positions of sarnpling points (in which density is to be 
measured) and on the number of objects in sight, calculates objects density in sarnpling points, 
interpolated data between points of density measurements, charts survey data and calculates 
total abundance of fishing objects (Fig. 1). The software was developed in PINRO. Hard- and 
software systems are permanently improved (Filin, 1995). 
TV survey (Bliznichenko et al., 1995) is camed out by means of towing the ROV at a distance 
from the bottom which is preset and followed automatically. Data fiom the apparatus and 
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satellite navigation system constantiy enter computer. In the sampling points an image becomes 
"Frozen" (Fig. 2). the arnount of objects in sight is calculated, data on density are automatically 
calculated and recorded in destination file together with the sampling point position and time of 
measurement. All these operations demand about 10- 15 sec. Variations in the density between 
the sampling points are fixed by operator by 5-point scale pressing a relevant key. 
Video-acoustic complete set 
Video-acoustic complete set (VAC) constructed by MariNPO and Engineering company 
"Syrnbia" in 199 1 involves stereo TV and hydroacoustic systems (Zaferman, 1994b). This 
combined device ailows to obtain two types of information (3D video image and hydroacoustic 
echo signal) fiom the same objects synchronously Fig. 3). 
Basic aim of the set is to estimate TS for fish in situ to graduate acoustic systems during fish 
stock assessment. With a TV system in use the density of aggregation and spatial orientation of 
fish are estimated, as well as the fish length is measured without capturing. Simultaneously 
echo signals from the same fish which are observed on a screen are accepted by hydroacoustic 
system which can be graduated in units of density with taking into account length and 
orientation of fish. 
In 1995, experiments were performed in the sea which ailowed to develop methods for video- 
acoustic measurements. At present a development of the like system is planned on the basis of 
upto-date electronics. 
Laser TV svstem 
In experimentai laser TV system (LTV) a principle of impulse laser lightening of object with 
range strobing was used (Komstein and Wetzstein, 1968). The system was designed and 
constmcted by MariNPO company (Fig. 4,5). 
I In 1995, the first experiments on the system model were undertaken in the Barents Sea 
(Laferman, 1996). They have proved a correctness of the development chosen. V i a i t y  range 
' -1 of real objects with LTV system has occurred to be 2 times higher than standard water transparence accordiig to Secchi disk and 4 times higher compared to usual TV camera. The 
I latter can make observations at a distance to 3m in these waters with 7.5m transparence according to Secchi disk, while the LTV system model, which is still imperfect, ailowed to 
observe the sea bottom and fish at a distance of about 15m (Fig. 6, 7). Higher underwater 
visibility range should probably be expected in the open sea waters with a higher transparence. 
No changes in movement of fish during impact of laser radiation were observed in the 
experiments, what have confirmed the data fiom the investigations in aquarium (Knvtsov and 
Protasov, 1974). Lack of irnpact of the system upon fish behaviour together with a higher 
underwater visibiity range ailows to consider the L W  system to be rather perspective for 
studying fish behaviour, their interaction with fishing gears, searching of demersal cornmercial 
objects, as weii as beeing a part of video-acoustic units. 
us in^ of ROV for TV survev of k i n ~  crabs 
In Tune 1996 we carried out experiments to develop a method for TV survey of king crab 
abundance. A ROV "Hybail", manufactured by Hydrovision Ltd., was used for this purpose on 
the depths about 14-15 m in the Kola Bay. We could observe crabs on the distances up to 4 m 
fiom camera (Fig. 8) and calculate the square of bottom band observed and density of crabs by 
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means of videogrammetric measurements. The experiments proved a possibility to carry out 
TV surveys of crabs in shallow coastal waters of the Barents Sea. In these conditions TV 
system can be moved on the height of 2.5-3 m above the bottom on speed about 0.5 knots to 
view about 2400-2800 m2 per hour. Now we are going to try method for TV survey with a 
new TV system PV200 manufactured by Slingsby Engineering Ltd. 
CONCLUSIONS 
To solve a problem of efficient obtaining of information on fish behaviour in order to elirninate 
errors of surveys and to adapt fishing process to underwater situation it is necessary to use 
underwater TV as video-computer systems. 
The underwater TV systems and methods developed at PINRO provide observations and 
measurements of fish length and density of aggregations in real time mode in saih. 
Creation of LTV systems with higher visibility range should be considered one of the most 
forward-looking trends of development of underwater TV as an instrument of fisheries 
investigations. 
R E F E R E N C E S  
BUERKLE, U. 1983. First look at hemng distribution with a bottom referencing underwater 
towed instrumentation vehicle BRUT1V.- ICES Symp.of Fish. Acoust., Bergen, 
21-24 June 1982. Selected papers (ed. by 0.Nakken and S.C.Venema).- FAO 
Fish.Rep., No.300.- P.125-130. 
FILIN, S.L 1995. On stock assessment of Icelandic scallop using video-computer system.- 
Theses of Reports of the VIth AU-Union Conference on problems of cornrnercial 
forecasting.- Murmansk, PINRO Press.- P. 157- 158 (in Russian). 
BLIZNICHENKO, T.E., M.L.ZAFERMAN, S.A.OGANESYAN and S.1.FILT.N. 1995. 
Investigations on Icelandic scallop of the Barents Sea (methods, results, 
recornrnendations).- Murmansk, PINRO Press, , - 'I2 p. (m Russian). 
KORNSTEIN, E. and H.WETZSTEIN. 1968. Blue-green high-powered light extends 
underwater visibility.- E1ectronics.- Vo1.41, No.21 .-P. 140-1 50. 
KOROTKOV, V.K. and A.S.KUZMINA. 1972. Trawl, behaviour of fishing gear and 
underwater observations over them.- Moscow, Pischevaya promyshlennost 
Press.-270 p. ( i  Russian). 
KRNTSOV, Yu.M. and V.RPROTASOV. 1974. Influence of laser rays upon fish 
behaviour. Voprosy ichthyologii.- Vol. 14, No.3 .- P. 5 19-520 (in Russian). 
McGREGOR, D. 1985. Ocean Rover: A Towed ROV for Hydrographic 0perations.- 
1nter.Underwater Systems Design.- Vo1.7, No.3 .-P.20-25. 
ZAFERMAN, M.L. 1994a. Fisheries hydronautics.- Murmansk, PINRO Press.- 240 p. (in 
Russian). 
ZAFERMAN, M.L. 1994b. Facilities of underwater TV for fish assessment.- Rybnoje 
khozyaisivo.- No.4.- P.39-41 (in Russian). 
ZAFERMAN, M.L. 1996. First sea tests of underwater LTV system.- Rybttoje kh0zyaistvo.- 
No.6.- P.33 (in Russian). 
9 
F'mxdqp of the p RushlNonvegian SympogUm: Gear Seledion and Samphg Gears 
Fig. 1. Appeamnce of the display screen of video computer system for scallop assessment. 
Fig. 2. Video image of scallop dement. 
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a.. - 
Fig. 3. Underwater unit of Video-awustic system. 
Fig. 4. Underwater unit of laser TV system d o u t  a case 
Fig. 5. Appemma of the display screen of the LTV system. 
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Fig. 6. Cod: an image by LTV system. 
Cod: an image by LTV system on the distance of 1 
-@frife usuai i V i i 1 i ~ s e e ~ r n ~ h i 3 r n )  
Fig. 8. King crab: an image by L 1'V system 
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Fig. 9. Images of king crabs taken by ROV Wybali" on various d i i c e s  fiom camera: 
a-0.27m,b-O.Sm,c-lm,d-2m. 
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FIELD NIETHODS FOR FISH BEHAVIOUR STUDIES 
USED IN NORWAY 
Å.~jordal and 0.RGode 
Institute of Marine Research, 
P.O. Box 1870, N-5024 Bergen, Norway 
INTRODUCTION 
Understandimg of fish behaviour is hndamentai both for the development of effective and 
selective fishing methods and for precise abundance estimation of fish stocks. Although the 
development of different fishing gears have been based on observed or assumed behaviour of 
fish - until recent years, the possibiiities for observations of fish behaviour has been restricted 
to diiect visual observations of fish. However, during the last two decades - our possibilities 
for observing fish behaviour have increased sigruficantly, through technologicai developments 
within hydroacoustics, underwater photography and video, underwater telemetry systems and 
data storage tags and various other methods. The intention of this paper is to give a brief 
overview of the development and state of the art for different field methods used for fish 
behaviour studies in Norway. The main developments writhing methodology for field studies 
of fish behaviour are summarised in Table 1. 
Table 1. Introduction of major new technological innovations in fish behaviour studies during 
the-last 20 yws.  
Year 
Under- 
water- 
Video 
Hydro 
Acoustics 
Electronic 
T%s 
1975 1980 1985 1990 1995 
Studies of ROV Seif Barre1 with 
bait, pots Ocean Rover contained radio transm 
longhe systems 
Focus 
Mobile Trawl Sonar Acoustics 
echo sonar school on W- 
sounders behaviour vehicle 
avoidance 
behaviour 
W-telemetry VEMCO Data 
positioning Accurate storage 
depth, heart positioning ta@ 
beat 
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1. UNDERWATER PHOTOGRAPHY AND VIDEO 
Underwater housings for photo- and 16 mm film cameras were developed in the 60-ies. 
However, these were never extensively used for fish behaviour observations, and thus these 
photography methods did never add a significant contribution to our knowledge of fish 
behaviour. 
1.1. Underwater video observation in relation to f m 4  fis hin^ pears. 
The development of underwater video cameras was of significant irnportance for extensive 
studies of fish behaviour. The first equipment of this kind used for fish behaviour studies in 
Norway was a low-light, wide angle camera (Hydro Products, SIT) that was used from the 
mid-seventies, mainly for fish behaviour studies in relation to fixed gears as longlines and pots 
(Ferm et al, 1976, 1986; Valdemarsen, 1977; Bjordal, 1979, 1986; Huse, 1979, Huse and 
Ferm, 1990). Fig. 1 shows a typical experimental set-up for studies of fish behaviour related 
to longlies. 
Although more sophisticated cameras (low light, colour, zoom) and other equipment (like pan 
and tilt units) have been applied in later years, the basic experirnental set-up for observation of 
fixed gears has been maintained as show in Fig. 1. In addition to the use of a camera systems 
deployed from an anchored vessel, vessel-independent systems have been developed. One is 
based on a self-contained unit with an underwater-housing with camera and video-recorder 
that is set and retrieved with the gear. This has been used successhlly for fish behaviour 
studies with fixed gears as well as with trawls and seine nets. To obtain video observations 
throughout the fishing period, a time lapse video recorder is often used - with the possibiity to 
compress 24 h of observation in one 3 h video tape. Another development is a camerajgear rig 
with a cable connection to a surface buoy either with a video recorder or with a unit that 
transmits the video-signals to the vessel (Fig. 2). 
2.2. Underwater vidt% obsei%ations of fGh behaviour in relation to towed eears. 
Observations of fish behaviour in relation to trawl gear dates back to the mid 80s, with the 
introduction of the towed vehicle Ocean Rover (Searnetrk, Scotland). Equipped with a low 
t 
light underwater video camera, and good manuevering abilities relative to the trawl during 
towing, this technology opened new and excellent opportunities for observation of fish 
behaviour at different stages of the trawliig process (Fig. 3). The Ocean Rover and in recent 
I 
years the Focus (Denmark) towed vehicles have been used for extensive studies of fish 
behaviour, particularly with trawl gear. These observations have provided invaluable 
information and a significantly increased understanding of the fish capture process in trawling, 
including major factors as sweeping effects, escapement of fish in front of- and from the trawl 
as well as the interaction between different species and various selective devices. In later years, 
self contained camera Irecorder units mounted directly on the trawl to observe fish reaction at 
specific parts of the gear have been used with good results. These units have also proven to be 
very usefiil for behaviour studies of fish during the capture process with seine nets. 
3. ACOUSTIC METHODS 
Fisheries acoustics techniques for stock assessment and fish behaviour studies have developed 
tremendously during the last 30-years. We will focus on a brief introduction to those of major 
interest in relation to fish behaviour studies. 
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A rough overview of different acoustic systems and the platforms to which they are or may be 
coupled, are siven in Fig. 4 and in Table 2 along with existing and potential applications. 
Acoustics have been used to study a)rraturaffish hehavimir. b)a#ected behaviour and 
c)migation direction and speed In addition to a survey vessel as the traditional platform type, 
we apply floating buoys, which either log the data for later retrieval or transmit the results via a 
radio link. Towed vehicles or bodies (Fig. 3,4) are used to approach the fish targets and towed 
gears. Trawl systems include instrumentation with cable comection to the survey vessel, which 
are attached to trawls to monitor fish distribution in the trawl opening or above the trawl. We 
are presently about to tty stationary systems which in principle are similar to the buoy system 
but placed on bottom or anchored. Further. a feasibility study of using a remote 
controliedlautomatic underwater vehicles (AUV) is presently being done. 
The systems referred to in Table 2 have different applications. Traditional echo sounders are 
split beam sounders connected to echo integrators. They give information on density and 
distribution of fish (MacLeman and Simmonds, 1991), and, when resolved in single specimen, 
also facts on movements within the sound bearn and fish size can be acquired Ona (1994). 
Sonars are used to monitor distribution and movements of fish schools in relation to the 
catching process or with respect to availability to the standard acoustic method (Misund et 
al., 1996). Scanning sonars are used on mobile platforms (Table 2) to observe fish distribution 
in the near field of sampling gears (OM 1994). ADCP (Acoustic Doppler Current Profler) is 
developed for in si&. water current measurements. It has, however, been shown that fish in 
"layers" can be distinguished fiom the movements of the water masses by this system and 
migration speed and direction measured. Broad band acoustics has yet not been used, but an 
already developed system (Gordon, 1997) wiii be tested this year. 
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3.1. Natural fish behaviour 
Knowledge about the natural fish behaviour is essential to evaluate efficiency and reliability of 
scientific surveys (Goda, 1994). It is also important to know variability of fish natural 
behaviour in relation to species, fish size, season etc. to avoid confounding impacts on studies 
of affected behaviour. All assessment methods have a limited observation window (Fig. 4). 
Mainly sonar and traditional sounders connected to echo integrators @EI) have been applied 
during standard surveys to monitor changes in distribution of fish related to the observation 
windows (Goda and Wespestad, 1993; Misund et al., 1996; Michalsen et al., 1996). 
Experience during recent years has shown that behaviour of fish may vary substantially. 
Therefore, basic knowledge about fish natural behaviour appears to be a prerequisite for 
meaningful interpretation of aEected behaviour. 
3.2. Affected behaviour 
Mormation on affected behaviour is important for improving efficiency and selectivity of 
cornrnercial fishing gears. On the other hand, affected behaviour may seriously alter species 
and size composition in sampling trawls, and if not taken into account, survey estimates of 
abundance may be seriously biased (Aglen 1994; Engås, 1994; Gods, 1994). The use of sel. 
contained systems like acoustic buoys is a major step forward in these studies (Fig. 5, Goda 
and Totland, 1996; Gordon, 1997). Also, split-bearn acoustic systems on towed underwater 
vehicles represent an innovation with great potential (Fig. 3). Particularly, when these two 
systems are operated together in a systematic experimental set-up, quantification of the 
avoidance dynamics will be irnproved. An underwater vehicle equipped with standard acoustic 
instmmentation and developed for fish behaviour studies would make such studies much easier 
(Fig. 7). For studies of schooling fish behaviour the development of sonar technology during 
the 1990ies represent a new to01 both for stock assessment and fish capture. Acoustic 
instmmentation on trawls has been used to study fish behaviour and distribution both within 
the trawl opening (Fig. 6) and above the trawl. 
Migration is considered a major problem for survey reliability (MacLennan and Sirnrnonds, 
1991). Detailed information on migration fiom acoustics has not been widely used in Norway 
yet. The sonar method has been used to follow the hemng migration (Pitcher et al., 1996). It is 
however, planned to apply ADCP and broad band acoustics for such studies in nearest future. 
4. ELECTRONIC TAGS 
Tagzing is widely applied in fisheries studies today. Traditional external tags are used for 
migration studies, various internal tags and micro wire tags are used for assessment purposes, 
and acoustic tags have wide applications in fish behaviour studies. We will here concentrate on 
applications and developments in electronic tags, which have been used in recent studies in 
Norway. 
4.1. Monitonna fish behaviour. using ultrasonic taqs. 
Ultrasonic tags were developed in Norway in the early 70s, by the Sintef-group (Trondheim). 
The tags are attached to the fish and transmit signals to a hydrophone connected to a data 
storage and analysis unit. Typical parameters that can be measured are depth (pressure), 
temperature and heart beat frequency. Changes in heart beat fiequency did for instance give 
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clear indications of the first response of the fish to an approaching trawl. However, ultrasonic 
. . 
tags have most extensively been used to track fish movements, e.g. the rnigration behaviour of 
salmon. (Holm et al., 1996). This has traditionally been done by tagging the fish and and 
track its iovements using a directive hydrophone fiom a vessel. By obtaining the direction to 
the fish from diierent locations, the position of the fish could be calculated and plotted to 
obtain tracks of the fish movement. However, tracking fish with this system is laborious and 
only a few fish can be tracked simultaneously. 
In the early 90s the VEMCO (Canada) system for automatic positioning of fish was 
introduced. It is based on fish tagged with ultrasonic tags and array of 3-4 hydrophone buoys 
that receives the signals and transmit them fiirther to a vessel or base station (Fig. 8). Based on 
the time difference between signal reception by the diierent hydrophones, the position of the 
fish is calculated automatically by a computer and plotted on a monitor. The system also 
calculates swimming speed and direction for the individual fish. The system is normally used 
to track 4-6 fish or crustaceans simultaneously. 
The Vemco system has been used both to study natural behaviour and behaviour aected by 
different fishing gears for various fish and cmstacean species, as Norway lobster and edible 
crab in relation to pots (Bjordal, 1993; Skajaa 1997), cod and ling in relation to longlines 
(Løkkeborg and Skajaa, 1997), cod in relation to trawls (Engås et al., 1997) and to study the 
diierence in migration behaviour between coastal and oceanic cod (God@, 1995). 
4.2. Data storacie tass (DSTL 
The miniaturisation of electronics has opened the way for new tagging applications. Tags, 
which store information on environmental, physiological and chemical processes, are attached 
to the fish and the recorded data is downloaded after recovery. Thus, detailed information on 
natural fish behaviour or physiological rhythrn in relation to its environment can be studied 
I over long periods. For species that occur close to surface, a light sensor can be used to determine geographical position from information on sunrise and sunset (Gunn et al., 1994). 
Am, h e n  the fish have eertaiii behaviour in reiation to ettrretits, fish movements can be 
i modeled quite adequately (Arnold and Metcalf, 1995). For acoustic surveys, the tilt angle of the fish, which can be monitored by such tags, determines acoustic property of individual fish. 
I In Norway DSTs are now being used to study vertical rnigration behaviour and the related variation in tiit angle of cod. The results give insight the fish's availability to the bottom trawl 
survey and its acoustic target strength. Fig. 9 shows a cod being tagged with a data storage tag 
@ST) that records temperature, depth and tiit angle along with a plot of depth and 
temperature fiom a tagged fish at freedom for about one year. 
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Fig. 1. O b m t i o n s  of fish behaviour with longlines, by a camera and gear rig swpended tiom 
a vessel (fiom Bjordal and bkkeborg, 19%). 
Fig. 2. Fish behaviour observations by self contained unit with wireless transmission of video 
signais to v& base station (fiom Godmr et al. 1997). 
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Fig. 4. Acoustic observation techniques attached to various platforms. The echognm shows 
mrdings of gadoids partiaily available to the bottom bawi and the 8coustic observation 
windows. 
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Fig. 5. The acoustic buoj ith radio connection to the mother vessel. 
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Fig. 6. Density distribution of fish within the trawl opening of a Norwegian bottom sampling 
trawl observed and positioned by a scanning sonar mounted on the headline of the trawi (fiom 
Ona 1994). 
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Fig. 7. 'Hugin' is a semi-automatic underwater vehicle able to perform a sonar survey of 36 
hours. If aiong with the mother vessel the data can be trademed via an acoustic Link and 
displayed as survey proceeds. A feasibiity study is undmay for waiuating adaptation to fish 
behaviour studies. 
Fig. 8. The Vemco system for automatic positioning of fish (left), and a p1ot showing the track 
of three cod being attracted to a longline (right). 
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TRAWL AUTOMATIC VIDEO RECORDING DEVICE 
Polar Research institute of Marine Fisheries and Occan-hy (PiNRO) 
6 Knipovich Street. Murmansk, 1 83763, Russia 
Automatic (without the comrnunication cable) undenvater video reconhg device (AVD) \\as 
designed on the basis of arnateurish video camera (camcorder). 35 W light and a switching 
system operating by a timer. The box made of tiianium aiioy has been designed to be used up to 
the depth of 2000 m. The device has been tested \vhen bottom trawl operating at the depths up to 
700 m. Under vision range 3.5-4.0 m of trav1 net, 2 m of grom4 and trawi towing speed of 
3.5-4.0 knots the displacement of g r o d  objects in camera field of vision \vas so fast that niled 
out the possibhty of automatic focusing. The possibiiities of getting over this shortcoming are 
considered. The opportur@ of synchronous recording and foJio\ving comparison of biologid 
object video reconimg and the echo sygnal refiected by thern is discussed on the base of the 
experience of combined operation of AVD and sensor of "Scanmar" trawl vertical opening. 
Underwater observatiom on trawls and fishery objects are necessary in solving many scient& and 
applied tasks: determining their catchabiity and stocks, development of trawl constructions and 
check of their operation efficiency in fishing. 
Using skin-divers and rnanned towed vehicles ("Atlant-l", ''Tetis'') permitted main diectiom and 
the conception for such investigations (Korotkov, Kuzmina, 1972; Serebrov, Popkov, 1982) to be 
determined, mainly, due to the presence of specialists under water. Trawl photo automatic devices 
were also applied for such investigatiom, however, the body of data, obtained with their aid, was 
several orders less, than under the visual observations. Unmanned towed television-acoustic 
systems, such as "Ocean Rover" (Main, Sangster, 1981) have been more applied recently. Theu 
research abilities are comparable to those ones of manned apparatuses, but overall diiensions and 
weight are significantly less. Besides, using the television combined with video record'ig and 
computer processing of material essentidy irnproves the d t s  obtained. 
The comrnon shortcoming of these systems is in applying awkward, heavy cable, vulnerable to 
damages. To use it special winches M y  &ed on the concrete vessel are necessary. This 
significantly restricts the possibilities of transporting the instmments fiom one vessel to another. 
In order to overcome these shortcornings of underwater television cable systems the automatic 
(without the comrnunication cable) video recording devices (AVD), powered fiom the built-ii 
accumdators, have come to be used by Russian and Norwegian specialists. These devices have 
comparativeiy small s i i  and weight, easily transported fiom vessel to vessel, m y  be placed on 
trawls and other fis- gears, as well as be submerged independently of them, for instance, with the 
aid of winch when vessel drifting. 
32 
Proceedings of the 7~ Russia.n/Nowegian Symposium: Gear Selection and Sarnpling Gears 
Experirnental specimen of AVD was designed in Laboratory of Fish Capture and Underwater 
Research in PINRO, on the basis of mall-size video recording camera (camcorder) SONY CCD 
TR-330E. The given model provides for the coloured video filming under the object illurnination 
intensity not less than 0.6 lux. The duration of uninterrupted record by accumulator charge and 
cassete capacity is up to 120 min-. NP-77H and W-77HPn accumulaton with 2.4 Ah capacity and 
6 V operating voltage were used for video camera power supply. 
For illminahg under the underwater e g  at the large depths the automobile fiiarnent 22 W and 
6 V lamp was applied. Power was supplied fiom two 6HKG-1lU batteries, with output voltage of 
7.5 V, comected in parallel. Exceeding the voltage by 25% increased the lamp power, 
approxomately, to 35 W, though reduced its service life. 
The video camera and illuminating block were placed into the box designed to use the ambient 
pressure to 200 atm. The titanium box of the deep-water automatic stereo photo device "Sirena" 
(Zaferman, 1976) was used for this purpose. There are three acryiic iiluminators in it with 30 mm 
thickness and 75 mm diameter glass. The blocks were comected between each other with the aid of 
electric joint and coupling bolt. Design of arranging joints in the box is show in Fig. 1, the curcuit 
diagram - in Fig.2 and the principal view of the device in Fig. 3. 
Recording was switched by switching video camera supply by means of relay and using timer 
(electronic and mechanical alarm-clock ''Quartf). For this, the siadstop mode was set up on the 
camera with the button pressed, and this button itseif was fixed in the pressed position. Under the 
signal arrival fiom the timer the light was switched on and oE Hand-operated (apart from timer) 
toggle switches for camera and light were provided for the circuit. Besides, the elements of control 
of availabiity for service of electric circuits of video carnera and light - light-emitting diodes and the 
button of their wirwit-in comection were brought out to the fiont panel set under the box cover. 
The weight of device in air was 30 kg, the negative buoyancy in sea water - to 57 H (5.8 kg). 
Measurements in laboratory showed that the light in the box made the illuminance of 90,32, 16, 10 
and 7 lx at the distances of 1,2,3,4 and 5 m, respectiveiy. Dunng 120 m i m n  continuous woric 
these values of illuminance decreased by 20% because of the partial discharge of storage batteries. 
SEA TRIALS 
Experhental video recordiigs were performed on the board of RV "Persey-3", in the period fiom 
March to June 1997. To be instailed on the trawl the AVD was blocked with "Scanrnar" vertical 
opening sensor on the special canier (Fig. 4) having the view of steel ring with 80 cm diameter with 
the wooden platform fastened inside it. In order to have the positive buoyancy for ail the 
construction, 6 siurnin floats were locked to it and h m  above it was covered with tar paulin which 
prevented against net catchhg on the device box bulges. 
Six tows of AVD were made on the bottom trawls at the depths of 220-700 m. To survey the 
ground the carnera was placed on the upper belly of the cone bag (with portholes downwards), back 
of the rigid selective grid, on the beily part of trawl, as well as in its mouth, in front of the 
groundrope, below the headline. In the latter case the underwater block was set in the centre of the 
mouth false lime, and its ends were attached in the site of joint of the wing assembly with the bottom 
belly. To supply the additional safeguard'ig the underwater block was connected with the center of 
the headiine using the rope, equal to vertical trawl opening (Fig. 5). When towing the distance from 
AVD to the object surveyed (ground, bag lower beiiy) was determined using ''Seanmar" sensor 
sipais. 
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..Ul the sets of AVD had to be performed while operating vessel during the fishing, arnong the dense 
group of the other trawlers. Therefore, due to strong water turbidity in the near-bottom layer most 
of the surveys were unsuccesstul. Good results were obtained while surveying on the cone bag 
(with the trawling depth of 700 m). The opposite lower beiiy was distinctiy observed at the distance 
of 2.8 m. and the image was coloured. Specimens of Greenland halibut (Reit~hardtiz~s 
Hippgiossoides), deepwater redfish (Sebastes mentella), roundnose grenadier (Macnirus Berglair 
Lacepde) were well observed. Specimens of the latter were oriented to going out of the trawl, the 
red6sh - across the towing course and halibut - by head to the codend side. 
Whiie towing the camera over ground at the speciai mouth fdse line, the height of its run was, on 
the average, 2.45-3.2 m, with variations fiom 1.3 to 4.2 m. The ground was discemable at the 
distance of about 2 m, but its angular displacement in the carnera visibii range was so quick, that 
the system of autornatic focusing did not have time to adjust the lens on the objects fliscered. 
Eventuaiiy, the image of the ground was indistinct, despite setting the "sport7' regime of shooting by 
video carnera. 
The water temperature near the ground did not exceed 2-3'. It decreased the capacity of firm 
accumulators. They hardly provided for video recordiig for 60 minutes, instead of 115-205 minutes 
in normal conditions. Ifthere was 2-3 hour i n t d  between charging and using accumuiators under 
water, the duration of video recording reduced to 25-45 minutes. 
The visibity range limit (without the natural light) of such contrast object as the white trawl net 
was 3.5-4.0 m. 
DISCUSSION 
I The experience of using the underwater video record'hg device, designed on the basis of amateurish video recording camera, showed that the underwater video recording of objects muld be effected 
I by means of it at the distance of 2-3 m without the natural light. The survey objects may include elements of trawl system, immoble or low-mobile relative to the video camera. The survey of 
mobile objects (fish) is also possible. However, for this, the camera lens must have been focused 
1 (adjusted) before for the dktance, at which fish may occu. For instance, when surveying in the bag, belly part of the trawl or on the rigid selective grid, the camera lens is focused automatidly, by 
their visible elements. 
Whiie surveying the ground the light spot fiom the nmw-directed light source - the light mark - 
may be such constant visible element. When the optical axises of video camera and a source of a 
light mark are paraiiei, the image scale m y  be caicuiated by formuia: 
where " B  is the known real distance between the optical axises, "b" is the distance of the light spot 
fiom the center of the view field. This way of determining the scale has been tested by us when 
working with photo automatic devices (Serebrov, 1982). 
Stable work of auto focusuig system of video camera rnay be aiso provided by the m y  of 
. - -  diminishuig the angular velocity of object displacement in the field of view. It is possible while 
increasing the visibity range at the expense oc b r  instance, enlarging the light power, changing its 
location relative to the camera, increasing the directivity of the light. The similar results m y  be 
obtained when decreasing the AVD towing speed in relation to the ground. 
Using AVD combined with "Scanmar" sensor of vertical opening aiiowed the distance tiom AVD 
to the ground and net panels of trawl to be succefbliy estimated during the survey. 
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These data are sigdcantly important for determining the scale of video image, behaviour of camer 
and trawl while towing. However, some essential difkulties arose when theii synchronizing with 
sensor indicatiom, since the latter ones appeared as figures on the display and muld only be 
seiectively registered in the field record book 
In the presence of complex of "Scanmaf' instrumentaiion of the ''trawl eye" type and converter 
INT-0803 to connect it with computer, all the acoustic information couid be introduced into the 
computer memoiy and displayed as an echogram on the display, more or less in synchronism with 
the vide recording reproduction. Nevertheless, in this case the synchronization of acoustic and video 
information is oniy possible according to the make-time, set on the AVD timer, which may be 
different fiom the real time by 1-2 minutes. 
More precise synchronization of acoustic and video informaiion is pdcab le  in the case ifthe both 
are recorded on the same video cassete in the process of combined operating of AVD and acoustic 
instrument (for exarnple, the "Scanrnaf' sensor of vertical opening) under water. It is possible, ifthe 
sound canai of video camera is adopted to receive processing, recordiig and reproduction of signals 
at the 42 kHz operating frequency of sensor. These rardings, probably, may be interpretated 
when reproducing with the aid of o r d i  board receiving ''Scanrnar" instmentation. As the 
signals fiom sensors of vertical opening and "trawl eye" contain the quantitative estimation of fish 
concentrations by the quantity of echo signal rdected, the comparison of this information with in 
step obtained video rardings of the concentratiom thernselves might be useful for decoding the 
acoustic data 
CONCLUSIONS 
The experhental model of independent video recording device (AVD) designed on the basis of 
SONY amateurish camcorder TR-330E permits the survey of trawl system element5 at the working 
depths of 220-700 m and with no the natural light to be conducted. 
To survey the ground and marine organisms in the area of using trawi, for example, for the purpose 
n f e r m b h g i -  . - ' - b i i ~ m u - I n + r n r -  
insmce, at the expense of increasing the power of lighting, directivity of the light 5ux, change of 
the light location. Apparently, it is reasonable to apply the hand focusing, acceptable for the certain 
visibility range, together with the automatous one. 
Under the c o m b i  work of AVD and the sensors of acoustic information the synchronization of 
recording of their signals for the following sinchronous reproduction when processing is desirable. 
Such synchronization, together with the partial combining the visibility ranges of AVD and sensor 
operation couid make it possible to not only spe* the data on the extemal wnera onenting, but to 
compare acoustic and video information on concentrations of biological objects. 
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Fig. 1. Arrangement of AVD main units in the box: 1 - carncorder, 2 - mirror, 3 - clock, 
I - 4 - relay, 5 - camera power battery, 6 - electric joint between blocks, 7 - screw and jack for 
mechanical joint of units, n - lamp, 9 - light power battew l n - hnw rnvc?r 1 1 - ncirtholes 
Joint l J0iIlt 2 
Block of 1-k r-T-1 Block videocaaera - - 
5 - l f  
Fig. 2. The circuit diagram of AVD. VK - video csmera, R - relay, K18 - resistors in the circuit of 
light diodes. 
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Fig. 3. Extemd view of AVD. 1 - box, 2 - light, 3 - video equipment 
Fig. 4 . Arrangement of AVD and Fig. 5. Installation of underwater unit on the mouth 
"Scanmar" vertical opening sensor false line: A - side view, B - top view; 1 - head line, 
on the underwater carrier: 1 - steel 2 - fishing line, 3 - Mse line, 4 - underwater unit with 
ri% of 80 cm dia., 2 - platform, AVD and sensor. 5 - safeguard rope. The arrow 
3 - AVD, 4 - sensor indicates the course of towing. 
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ON PROBABILITY OF IMPACT OF FISH AGGREGATIONS 
STRUCTURE ON THEIR ACOUSTIC CHARACTERISTICS 
AND FISHING SUCCESS 
by 
M.L.Zaferman 
Polar Research Institute of Marine Fisheries 
and Oceanography (PINRO), Murmansk, Russia 
ABSTRACT 
Elementary schools that form a fine structure of fish aggregations have been found 
orderly stmctured. Under the infiuence of extemal scaring effects the schools contract 
(at a constant average density of fish), while a distance between them increases. 
Consequences of behavioural response at a level of elementary schools should show in a 
coherent component of an echo signal and a faster adaptation of fish to trawl which 
results in a lower efficiency of fishing. 
INTRODUCTION 
For a correct understanding of interactions between individual fish as well as between fish and 
a fishing gear, the "fine structure" of aggregations must be studied, i.e. the structure on a scale 
comparable with a size of individual fish. Until recently it was possible to accomplish this only 
through aquarium studies, however, modem photogrammetnc and videograrnrnetric equipment 
enabled us to apply methodology used for aquarium studies to marine environment. 
I Investigation of fish aggregation structure through a stereophotographic survey (Serebrov, 
Tarasova, 1992) has shown that aggregations consist of individual smaii groups of 2 to 9 fish 
I (most fiequently fiom 2 to 5), which have been called "elemenatry schoolsyy. Up to now it is not clear if they are real schools, that is if they keep their composition constant for a long time 
n r & n i p i y - r a ~ R d O m a ~ U r r f w e t o - i i 3 - a n ~ n f f i s h - e l e q -  
t three problem5 arose about fine structure of this elementary schools themselves: 
1) ifthe disposition of fish in them is ordered or random, 
2) how this structure can have an intluence on acoustic signal fkom the whole aggregation, 
3) is this sttucture of any irnportance for fishing process? 
The author has conducted a study of inner fine structure of elementary schools (Zaferman, 
1995). The objective of this paper is to discuss potentiai wnsequences of the results of this 
study. 
MATERIAL AND METHODS 
Stereo photographs of capeiin and herring taken in the Barents Sea and of young bream in a 
tank were used for analysis. Average length of capelin was 12.0 cm, hemng - 23.9 cm and 
young bream - 5.8 cm. Observations of fish in a tank were carried out both when the fish were 
quiet and stressed by a scaring &ator (vibrations of water). 
Spatial coordiites of individual fish were determined by stereophotographs and elementary 
schools were identified by using a speciai software developed by PINRO. Thereafter, the 
dimensions of each school and its density were determined. A degree of order in a school was 
assessed by a nondiensional factor of proportionality C in the formula relating density and 
average distance between fish: 
D = c / ~ *  (1) 
where D is average distance between fish, p is density. 
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It is known that under random (kUy disordered) disposition of fish the coefficient C is equal to 
0.55 (Lozow, Suomala, 1972). When the degree of order is maximal, (tetrahedral structure, or 
dense packing of spheres) this coefficient, which we called as "coefficient of order", is equal to 
1.12. For the other kinds of structure the coefficients have intermediate values. 
RESULTS 
The study has shown that elementary schools has an ordered Cquasicrystal") structure and the 
degree of order is related to neither species of fish nor a school state (quiet or stressed) and 
decreases regularly with the growth of fish numbers in a school. 
In aU elementary schools under experirnent study the real coefficients of order, including their 
minimal values, were considerably higher than its value for random disposition (Fig. 1). 
The degree of order was assessed at two levels of stmcture organisation: fish in an elementary 
school (first level) and elementary schools in an aggregation (second level). 
The disposition of schools in aggregation was found to be random: the coefficient of order at 
the second leve1 C2 was between 0.39 and 0.71, 0.59 on the average. On the pictures showing 
capelin and herring aggregations taken at sea C2 was precisely coincidig with the criterium of 
disordered disposition C2=0. 55. 
The density in elementary schools was considerably higher than the average density in 
aggregations and related to the state of the latter (Fig.2). Under stressed condition the density 
of elementary schools (with the same number of fish and degree of order) was on the average 7 
times higher than in moving quiet schools and 14-17 times higher than in dispersed schools, 
while the average distance between centres of the elementary schools and average density in 
aggregation remain about the same. 
Ratios of the average distance between fish and average diameter of school to the average 
length of fish, as well as of the average volume of elemenatry school to the cube of average 
fish length were related to the state of aggregation: under the impact of a scaring factor they 
I 
decreased sharply (Table 1). Apparently, in turning fiom a quiet into a stressed condition under 
the infiuence of a scaring factor, elementary schools contract and become denser, the space 
between them increases what, probably, enables the fish to be more fiee for manoeuvring when 
threatened. Nondimensional ratios given in Table 1 may be considered as indicators of the state 
I 
of aggregation, quiet or stressed. 
If the described picture of fish behaviour at a level of elementary school under stressed 
condition is true, it is necessary to take into account the implications both in terms of 
interpretation of acoustic echo signal fiom an aggregation and interaction between fish and 
fishing gear. These implications logically follow fiom results of the study, however, they have 
not been rigorously proved and need further tests. 
Ordered, not random structure of elementary schools suggests a possibiiity of presence of a 
coherent component in an echo signal fkom them. However, ordered stmcture itself is not a 
sufficient prerequisite for this. Besides, the preservation of the order for a certain observation 
time and, in addition, a fairly high density are important. In our opinion, results of the study 
suggest that on some occasions these conditions can be met. 
Having fallen into a stressed state under the impact of an extemal factor (for instance, ship) 
elementary schools come into movement, probably, with a rather high speed. In this case 
hydrodynamic interactions must develop between fish (Shuleikin, 1968; Belyaev, Zuev, 1969) 
which build up a relatively rigid structure in a school as though making fish "fixed" on their 
positions in a quasicrystal lattice. It can be presumed that such a hydrodynamically "cemented 
school is capable of retaining its geometry constant during at last a few seconds while it 
crosses a bearn fiom an echo sounder during hydroacoustic survey. 
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Simultaneously, elementary school density increases sharply. Thus, when an elementary school 
is in a stressed state both conditions required for a coherent component in the echo signal from 
it to be present are met. 
The intensity of a total echo signal fiom an aggregation should be viewed as a sum of 
intensities fiom elementary schools since the disposition of schools in an aggregation is 
disordered. However, echo signals fiom individual elementary schools can be coherent to a 
certain degree. 
In known experiments undertaken to study the nature of echo signal fiom fish aggregations 
(Foote. 1983) no coherence was found. However, those experiments were camed out in cages 
where the movement of schools at a speed sufficient for a rigid structure to develop under the 
impact of hydrodynamic forces, was unlikely. Under sea conditions a stressed state of a school 
could be caused, for instance, by ship conducting an acoustic survey (Ona, Goda, 1990). 
Findings of the first acoustic surveys for hening in the early 60's when echo integrators were 
not avdable and measurements were taken by an oscillograph could be an indirect proof of the 
possibility of presence of a coherent component in the echo signal. Some dense schools 
produced unusuaily strong echo signal which resulted in abnormally high density estimates 
after calculation. In a modem automated survey such effects may not be obvious since an 
operator does not monitor accumulation of echo integrator recordings fiom each school. 
In the light of knowledge about elementary schools of which an aggregation is composed the 
results of the afore experirnents to study echo signals fiom fish should be considered 
insufficient to clear up a real picture. It would be expedient to undertake sirnilar experiments 
anew under conditions as close to sea conditions as possible. It is important to provide a 
possibility for acoustic measurements on a school turning into stressed state. 
A rather rough calculation showed that a coherence coefficient in the order of 0.3-0.4 can be 
expected (Zaferman, Tarasova, 1993). 
Interaction between fish and fishing gear should also be assessed at the leve1 of elementary 
schools rather than ind~dual  fish. Stressed state of schools brought about by approaching 
fishing gear and ensuring the fieedom of manoeuvring, probably, makes it easier to avoid a 
hhing gear and explains low values of trawl cachabiity factors. 
- £ f t M + d a ~ + ~ w ~ ~ M ~ r r C f i g h d i f i + r ; l r . . t a r 1 ; . r e a + L  
1 fishing. The destiny of the rest is diering. Some fish escaped through the mesh get injured and die staying out of catch. Others, that have succeeded in avoidiig capture or escaped through 
the mesh uninjured, get adapted to the trawl after repeated contacts with it and develop a 
I conditioned reflex that enables to react to approaching fishing gear more in advance, i.e. a distance of their reaction against trawl increases. 
All fish in a school are know to imitate one or several fish in terms of moving behaviour 
(Radakov, 1972). Ifthere is a fish in a school, that has already adapted itself to the trawl, the 
distance of reaction of the whole school will increase because of irnitation. Besides, according 
to V.V.Gerasiiov (1965) other fish develop a conditioned irnitation reflex which rnakes a 
process of adaptation to trawl even faster. Thus, as individual fish adapt thernselves to the 
trawl more and more elementary schools would react to it earlier in advance that leads to 
fiirther reduction of cachability. 
On one of the fishing grounds in the Barents Sea where measurements of catchability were 
taken, it was found to sharply deciiie within a short time (9 days). Since the density in 
aggregation remained practically unchanged, this could be explained by adaptation of fish to 
trawl (Serebrov, Popkov, 1988). 
A reduction of cachabiity compels to increase a fishing effort to fish out aiiocated quotas. 
With this, the number of fish adapted to the trawl increases which causes a fiirther reduction of 
catchabiiity. Simultaneously mortality of fish fiom injunes after a contact with the trawl 
increases (this is not taken into account when fishing mortality is assessed, since these fish are 
not a part of catch), in addition, a darnage to non-target species and bottom landscapes grows. 
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A hypothesis conceming elementary schools and the nature of their interaction with fishing 
gears can not be considered definitively proved. Unclear is the question whether these schools 
are constant real objects or random fluctuations of density, in other words, whether they are 
composed of the same fish or their composition changes continuously due to irregular 
movements of fish. The fact that they contract when affected by an externai factor says in 
favour of the first presumption. An ordered structure of elementary schools speaks of 
coordination between fish in them and, hence, possible constancy of composition. Long- 
standing relations between fish have also been confirmed by tag recaptures (Konstantinov, 
1961). However, all this is an indirect evidence only, that needs further verihation through 
experiments. In any case, even if schools are random formations, their impact on acoustic echo 
signal and process of fishing must be as it has been described. 
CONCLUSIONS 
Presence of a fine structure in aggregations in the form of elementary schools irrespective of 
the time of their existence and whether their composition is constant or not, allows with a high 
degree of probability to presume the foilowing potentiai effects: 
i in an acoustic echo signal - presence of a coherent component when there is an external 
scaring effect; 
i in trawl fishing - a reduction of catchability when fishing for a long time on one and the 
same aggregation. 
In view of the importance of this matter for irnproving the fishing technique and assessing fish 
stocks it would be expedient to undertake fbrther experiments to study the fine structure of 
aggregations and fish behaviour when affected by extemal stressing factors. These experiments 
should be carried out like former ones in order to reveal relations between echo intensity and 
fish density in cage but with taking into account a possibility of turning of schools into stressed 
state. 
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Table 1. Geometric proportions in elementary schools boung brearn, mean length L=5.8 cm) 
Notes to the table: 1. Dist - average distance between fish in elementary school; 
dia - average diameter of elementary school; 
Vol - average volume of elementary school; 
L - mean length of fish. 
2. For school type terminology see (Radakov, 1972; Pm, 1927). 
Vol l L' 
3.05 
2.68 
4.55 
23.29 
47.58 
dia1 L 
1.59 
1.57 
1.82 
3.17 
4.00 
School type and state 
Stressed state: 
scared-stationary 
scared-running 
rotating ("cyclone") 
Quiet state: 
moving 
dispersed 
Dist l L 
0.77 
0.89 
0.96 
1.68 
2.24 
42 
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Fig. 1. Cdcients of order in elementaiy schools: 
l - bream (scared-stationary school); 2 - bream (scared-running school); 3 - bream (school of 
"cydon" type; 4 - bream (moving school); 5 - bream (dispersed schoolk 6 - capeh (moving 
school); 7 - capeh (dispersed school); 8 - hening (moving school); 9 - upper and lower limits 
of d c i e n t  of order. 
Fig. 2. Mean densities of &h in elementmy schoois of young bream (do not mistake for 
average density of whole aggregaiion!). For legend see Fig. l .  
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STRUCTURAL AND FUNCTIONAL LEVELS 
OF UNIFICATION OF SCHOOLING FISH 
by 
LLSerebrov 
Polar Research InstiMe of Marine Fisherk and Oceanography (PINRO) 
6 Knipovich str., 183763, Murmansk, Russia 
Investigations for several years by means of underwater observations and acoustic 
methods, both in natural environment and in laboratory, allowed to idente two types of 
behaviour of schooling fish: active (in the daytime) and passive (at night), and at kast three 
levels of group interaction \vithin clearly structured fonnations: elementary schools of 2-5 
fish, rnac~~~~hools  consistwg of el- schools and suigie-species HOIS composed 
of several m e k .  It was sho\vn thai the distances behveen 6sh in elemenlay schook 
were d&aed by necessity to imitate a mancaavre of a partner and could change from one burth 
to SLU body lengdi (in active moving macroschools 2-3 body length). The macmchools can be 
of various shapes and their dens9 can change scared, however, in either case they keep 
their spatial structure. It would be m e n t  to associate further studies of &h schooluig 
behaviour ~ i t h  a certain level of their group hxaction and dated spatial stmcture. 
Schooling as a form of group utdication of fish may be viewed as an adaptation to conditions of 
Living in a weakly structured habitat, for instance, in the sea pelagial where the absence of reference 
points, shelters makes it inevitable to use group interaction h r  defence against predators7 search for 
food, reproduction etc.(Mikheev, 1995). The utilization ofpelagial resources allowed schoohg &h 
to attain high abundance and constitute a bulk of the global catch. 
. . 
. flaGtAW4- 
. .. 
slAAwkwirtas62imuw- 
3 to f ishg and instrumental surveying. 
This paper considers some results h m  studies of major types of behaviour of schooling fish, 
structurai levels of their schooling and biologid mechanisms behind. 
MATJCRTAL AM) METHODS 
Studies of behaviour of schooiing fish were primarily canied out at sea and hydroacoustic 
instrumen@ autornatic photography and visuai obsenratiom by divers were used for this purpose. 
Targeted @es were capeiin Mallotus Vihus  (Milier), polar cod Boreogadltcs (Lq~e.chin)~ 
round-nose grenadier Coryphmmides Rupeahs (Gunn), blue whiting Micromesistius P o u ~ m  
@b), anchovy kilka CluponeIIs EngrauZzjbms (Elorodin). Photogmmmetric research of young 
brearn Albramis Brama L. of average len@ 5.8 cm was carried out in acperimental tanks to study 
fme structure of a school. 
Density of school "p", as a ratio between the number of fish on a picture 'W and the volume 
photographed "V" was calculated by the hmulae suggested by Aronov (1969) and Zaferman 
(1968, 1975). Liear density index or average distana between fish "Rn proportional to the 3rd 
root of the water volume per fish was calculated as: 
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where "k" is proportionality b o r  which characterkes the degree of order of fish distribution 
(Zaferman, Tarasova, 1993). Under random dishitbution of fish k = 0.55 (Lozov and Suomaia, 
1972), while when distributed at points of cubic lattice k = 1 (Ionas, 1967). Under maxirnum dense 
"packaging" of fish "k" muld ex& 1 ( M m  Serebrov, 1988; Z a f i  1995). 
Along with average vaiues of K estimated from density (l), specific distances between pairs of fish 
were calculated on the basis of difference between their three-dimensional coordinates: 
where x1 and x& yl and y2, zl and 22 are the spatial coordinates of two fish. 
Calculations were performed by using a special software providing for identification of a nearest 
partner for each fish, calculation of the distance to this partnery number of fish which are nearest 
partners. A comparison between spedic average R calculated by formula (2) and by formula (1) 
allowed in certain cases to estimate k and correspondingiy the degree of order of fish distribution. 
The degree of order in fish orientation was also assessed by pictures. 
While investigating the reasons behind development of elements of schooling structure filming of 
young bream in experimental tanks was done with M e r  exposure-by-exposure measurement of 
the distance between fish, their speed of movement and turn, radius of turn etc. 
RESULTS AND DISCUSSION 
1. Tv~es  of behaviour of schooline fsh 
At least two types of behaviour are typical of schooling fish: active under light conditions more than 
0.01-0.1 bc and passive when light is less than 0.01 lx. Active schools n o d y  have weii outlined 
boundaries, ordered orientation of fish and considerable density. Fish in active schools are mobile 
while the distance between them fluctuates around certain average vaiue d i r d y  related to the 
average length of fish (Serebrov, 1976, 1978, 1984). When escaping fiom scaring objects active 
schools move as an integral unit. 
Passive schools aiso cailed dispersed aggregations have as a rule blurred boundaries, low density, 
disordered onentation of weakly mobile &h. Fish in passive schools hardly exhibit any reaction to 
foreign objects. 
Fig. 1 shows typical echograms of passive and active schools of some species. Echograms in Fig.2 
demostrate differences in the stnicture of aggregations and d e f e v e  response of polar cod in the 
daytirne and at night. Fig. 3 shows echograms and stili pictures of an active and a passive school of 
capelin. 
Dzerences between active and passive type of behaviour of schools of young bream are illustrated 
by pictures taken under experiments in a tank and presented in Fig.4. Active schools as shown by 
this picture can have various modifications, for instanmy "running", "ball" (boii accordiig to Pan, 
1927), "cyclon" ("mili" according to Breder, 1959), "moving". Under limited volume available in a 
tank a passive school can not be the same dispersed as in the sea and correspondiiy the difference 
of its density from that in the daytime is less sigdcant there (Table 1). 
Their passive rnanner of behaviour at night makes them more accessible for fishing by trawl (Table 
2) while their dispersal - for acoustic surveying. In partieular, under experirnental covering of one 
and the same tack recordings of polar cod at night were by one order of magnihide more fiequent 
than in the daytime (Fig. 5). 
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At sea a change of the behaviour type in schooling fish may be accompanied by vertical migrations 
and a short-time overdensity of aggregation. This was possible to identfi, in particular, under 
repeated sailing of the vessel above one and the same capelin school during its ascend at night 
(Fig.6). The vessei was towing a pelagic trawl with automatic carnera mounted on its ground rope. 
Fish in the bottom part of the school A e n  light conditiom there had reached a threshold value 
began ascending earlier than others which caused overdensity in the middle part of the school and 
a "white line" in the echo recording. Difference in the time of commenument by fish a vertical 
migration is attributed to difliering time of threshold light conditiom at depth. This muld also be the 
reason of a short-time i n d  density of prey zooplankton performing vertical migratiom 
concomitantly with fish and supporting well-know rise in the intensity of feedmg of plankton-eaters 
in the morning and in the evening (Mantael, 1961, 1980; Zusser, 1971; Girsa, 198 1). 
Overdensity for s i a r  reasons also occurs in schools of Paciiic saury CoIalabus Saira (Giil) and 
saury Scomberesox Saurus (Waibaum) attracted by light of above-water larnps, at the time when 
those larnps have been switched off and the light in the periphery of a school declines sharply 
wikonorov, 1963, 1973; Zianov, 1977). Overdense fish fail to exercise the abiity for defenesive 
reaction and can be easily fished by a shipbome trap. It is quite likely that over-density of schools, 
for instance in capelin, during vertical migratiom is also associated with weakening of defensive 
reactions which results in more intensive predation on schooling plankton-eating fish by predaton in 
the morning and evening horn (Mantertel, 1% 1, 1980; Zusser, 197 1; Girsa, 198 1). An abrupt over- 
density followed by a loss of defensive reactions is observed in Caspian killca distributed near an 
underwater source of light. Schooling fish getting overdense when entering a narrow belly part of a 
trawl also showed a loss of defensive reactions and rolled down into a bag (Korotkov, Kuzmina, 
1972). 
Aii this suggests that under increashg density of active schools when irnpacted by changing light 
conditiom or by other kctors schooling fish may exhibit a third type of shock-induced behaviour 
which is c h a r a c t d  by high m o b i i  with normal orientation and defensive reactiom being 
I completely lost. S u c c e d  k h h g  for Caspm kilka, Pasific saury, saury, Black Sea anchovy Engraulis Engamccholus Poda (Aleksandrov), horse mackerel Trachtuus Medterranim 
t Yontiw (Ai- i S d h g  to data a v a i i a b E ~ ~ ~ B B o n s o v , l 9 5 2 ~ i k o n o r 0 v ,  1% 1973; Zilanov, 1977; Zusser, 1966; Moiseeva, 1967) a result of aactly this type of behaviour in 
schoohg fisk 
I However, to a greater probability schooling fkh exhibiit normal active type of behaviour in the zone of artijiciai light rather than a shock-induced one, this leads to hnnation of active schools at such a 
disiance h m  the light source dere the light conditiom correspond to those in the daytime. For 
Caspian kilka, Black Sea anchovy, horse mackerel that disiance is 5-10 m, for Pacific saury and 
saury it is a few tens of meters. Underwater obserdom over kiika and anchovy near a light source 
usuaily i d e m  two types of aggregations - one under shock and located close to a lamp and the 
other a schooling one at a distance of a few meters fiom the lamp (Nikonorov, 1973,Zwser, 1966; 
Moiseeva, 1967). Fish in a schooling aggregation retain a clear defensive reaction (Fig. 7). 
In species like, for instance, harhg Chrpea harengus harengus, cape!lin, polar cod which in the 
daytirne dweii at a considerable depth the formation of active schools under the irnpact of adiiiciai 
light at night rnay occur at a considerable distance h m  the source of light, up to 50-100 m. This 
resuits in a "W, ddeepening of an echo reconhg at recorder of an echo sounder and can be 
interpreted by researchers as a negative reaction to light (Overko, 1961; Ponomarenko, 1967; 
Z a f m  Serebrov, 1972). 
Therefore it is clear that the difference between behaviour types of schooling fish is closely related 
to their density. And an effedive group interaction takes place only in schools of active type with 
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typical density intervals, order of fish relative position, iheir orientation and shape of elements of 
spatial structure. This structure is likely to play an important role in the process of reaiization of 
school biological hctions. 
2. S~atiai stnicture of schooline fsh m a t i o n  
A direct relationship between density of fkh and their size is a typical feaaire of a structure of active 
school in various species (Table 3). Co~esponciingiy, there is a stable mrrelation (Fig.8) between 
fish length and expected average distance between fish caiculated by the f o d a  (l), on the basis of 
this it is possible using the size of fish to s u h l i y  predict school density prior to diiect 
measurements of that density (Serebrov, 1976). This relationship is a result of a relative constancy 
of the distance between fish e x p r d  as average body length, i-e. ILJL, = const. As seen fiom 
Table 3 this value varies fiom 1.9 to 2.6. SUnilar distances of 2.2 - 3.0 body lengths were referred to 
by J.Hunter (1966) in experiments with a pair of young horse mackerel. Those distances reduced to 
O. 8 average body length during feeding. 
In experjrnents with Japanese horse mackerel Trachtaus japoniais and gnatopogon Gnatopgon 
elongutus elongutus (Aoki, 1980) average distance between fish varied fiom 1 to 1.5 body len* 
and their occurrence was close to normal distribution 1aw in the intenml up to 3 body lengths. With 
the growth of the nurnber of fish placed in a tank the distance between thern in those experiments 
reduced notably probably due to restncted rwm comtmining movernents of fish. 
Direct measurements of the distance between fish in schools of capelin and bream using fonnula (2) 
showed that the nurnber of "nearest partnersi' for each fish is comparatively srnail and does not 
normally exceed 4. In the rnajonty of cases a fish has only one or two nearest partners (Table 4). 
Correspondingly, the relations of near partnership themselves usualiy link individuals which are 
members of a small group (the group of nearest neighbours according to Hunter, 1966) or 
elementary school. Elementary schools of 2-3 fish are most fiequent, with more fish are less 
fiequent, however, as a mle the number does not exceed 7 (Table 5). Schools of lesser nurnber of 
fish are generaily denser than schools comprising greater number of fish which is demonstrated by 
average distances between fish expressed in body length. In an actively &g school of young 
bream higher frequency of occurrence of elementary schools of 2-3 fish (42.0 and 32.5% 
respectively) can be observed with the distance between fish less than one body length (Table 5). 
Fish in an elementary school are not near partners for any other fish. This suggests a "ceilf' 
structure of big active schools and dispersed aggregatiom of schooling fish. Correspondingiy, the 
distance between elementary schools caicuiated by computor-processed pictures was notably bigger 
than between fish in elementary schools. When the density of school changes both distances 
between fish in elementary schools and the distance between schools change. In most dense and 
ordered "&g" schools the ratio of distances between centres of elementary schools to distances 
between fish in them is the biggest and close to 5. In "cyclon" and "moving" schools it is close to 2 
while in a dispersed aggregation this d8erence Whiaily disappears which is indicative of bluning 
boundaries of elementary schools and overail lessening of the order of aggregation structure which, 
however, under any conditions retains its two-leve1 "cellf' pattem. 
Spatial configuration of capelin elementary schools was rather diverse (Fig. 10). As shown in studies 
by M.Zaferman (1995), the degree of order of structure of elementary schools of capelin, herring 
and young bream was regularly decreased with increasing of the number of fish in a school. 
A comparison of expected average distances between fish in active capelin schools (rnacroschools) 
R, calculated by formula (1) and measured %, accordiig to formula (2) allowed to calculate 
proportionality b o r  "k" in formula (1). It was k = = 1.23 (Serebrov, 1984). This 
indicates a high leve1 of the order in a school which is comparable with the order of an tetrahedral 
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lattice of a crystal (Zaferman, Serebrov, 1988). However, unlike the latter the order in a school is 
"near", i.e. covering the structure of discrete "cells" - dementary schools. 
According to data of ours and available in the literature a division of big macroschools or shoals as 
well as dispersed aggregatiom of schooling fish into element-y schools is a most cornmon feature 
of the structure of these formatiom. The isolation of elementary schools itself becomes evident 
when the number of fish in a group exceeds 4 (Darkov, 1975). Therefore, disintegration of big 
groups into elementary schools has a biologicai meaning, while elementary schools thernselves are 
formations which cany certain fiunctions of adaptive behaviour. 
Under active type of behaviour the distances between fish in elementary schools usually fluctuate 
around some modal value which is in accordance with the law close to normal distribution (Fig. 1 1). 
If those distances are expressed as average lengths the diagranunes of the diibution of their 
occurrence frequencies may be rather sidar  in dierent species of fish, for instance, in capelin and 
young brearn (Fig. 12). All this indicates that the distances are not casual and are conditional upon 
biologically sigdicant factors that can impact the effectiveness of group interaction between fish in 
an elementary school. 
A study of the occurrence of relative bearings, i.e. headiigs to the nearest partner, counted off fiom 
the fish actual course, showed that in a horizontal plane those beaings in capelin schools are very 
oflen within 45"-50" and 3 10"-330". However, the difference between these maxima of occurrence 
and random distribution is staiistically ins'~@cant @g.13). In a vertical plane small (to 30") 
relative bearings have the highest occurrence. This is indicative of a "flat" shape of elementary 
schools when their horizontal extent is much longer than a verticai one. 
A divergence angle between courses of nearest partners in an elementary capelin school were also 
small primarily, and in an active school especiaiiy (Fig. 14). This indicates that within an elementary 
school, even ifpoorly active, there is a steady interaction between nearest partners at night. 
3. Mechanism of formation and bioloeicai imwrtance of eiements in the ordered school 
structure 
- J h k i b ~ e & h I s ~ p r ~ ~  
consider two issues: 
l. W h y  do fish keep certain distances to nearest partners in elementary schools? 
2. W h y  do these elementary schools arise? What are spedt f w e s  of their biological fiinctions? 
Parr (1927) explained the choice by fish of certain distances to nearest partners in a school by the 
presence of attractive and repulsive form between them This author did not study the nature of 
those hrces and mechanism of interaction between fish. 
Breeder (1965) suggested a hypothesis concedning a hydrodynamic nature of those forces and 
explained the choice by a W of a certain distance to the nearest partner by a striving to create 
conditiom for an optimal initeraction of their vortex traiis that dows the fish to reduce energy 
expenditures when swimming in a group compared to expenditures by a single fish. This idea was 
further developed by Shuleikin (1%8), Belyaev and Zuev (1969). As it was already mentioned in 
our eariier publicatiom (Sdrov ,  1976; 1976-a, 1984) a stnicture of moving schools in the 
majority of investigated species of fish is in many respects similar to that which muld be expected as 
suggested by the above mentioned hydrodynamic hypothesis. 
However, according to Partnge (1979) actuai disposition of nearest parbien in an active moving 
school does not always correspond to conditiom of their optimal hydrodynarnic interaction. Our 
observatiom of rninnow schools (Serebrov, 1978) as weil as measurements taken by Hunter (1966) 
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and Aoki (1980) under experimental conditions showed that fish kept certain distances between 
thernselves both in mobide and irnrnob.de schook, i-e. in the absence of conditions for hydrodynamic 
interaction of their vortex trails. 
Moreover, schooling accompanied by maintaining a cwtalli distance to a real or imaginary partner 
was observed with fish located behind a giass partition (Sponer, 193 1; Sato, 1938) and even with a 
fish own refiection in a mirror (Aronov, 1968), i-e. under conditions undoubtediy d ing out any 
hydrodynamic effects. 
Ali these fuidimgs do not have a atkiktory explanation within the hydrodynamic hypothesis. 
Besides, it does not suggest any indication of how turbulent vortices that interact with each other 
behind swirnrning fish, can assist their movement. Mechanism of transmission of results of vortices 
interaction to swimming fish has not been given consideration by papers on schooling behaviour of 
fish. Thus, a hydrodynamic hypothesis looks theoretidy incomplete and contradictory to sone 
study results. 
Irnitation reactions underlie schooling behaviour (Radakov, 1972; Gemsiiov, 1983). 
Correspondmgiy it can be assumed that both the choice of certain distances between partners in a 
school and division of schools into elementary ones comprising a small nwnber of partners are 
associated with the need to W most effdvely itnitative manoeuvres. 
I In particular, the approach of fish towards each other is probably expedient only to as close as a 
certain minimal distance sufficient to perform a turn without coliiding with a nearest partner. 
Maximum increase of density and approach of &h towards each other usually take place in fiight or 
escape while swift steep turns are performed when a scaring obstacle or attacking predator are 
incountered. To test a hypothesis that minimum distances between fish comespond to opprtunities 
for their turn a *g of escape and turn of young brearn schools in an experimental tank has been 
undertaken. On the basis of results £?om processing of cine-gramms average distances between fish 
in a scared running school of maximum density with an across-size of trajectory of their turn by an i angle of 180 when scared were compared (Table 6). Average distances practically coincided, which 
confirms the above mentioned hypothesis. Correspondiiy, the d i i c e  of maximum approach of 
Usn in a schooi snouio- as a distance o-ent reaction to a potentiai manoeuvre'by a 
l partner. Maintenance of such distances is one of universai methods to avoid unfavourable consequences of something. 
For instance, a reaction of young bream schools to predator models usually occured when 
approaching the models by 2.2 -2.3 of their length. Fish began to escape at distances of about 1 
length of predator model (Tabie 7). These distances expressed as body length were close to average 
and minimum distances between partners in a school (Table 3, Fig. 9, 1 1, 12). A universal nature of 
the body length as a measure of operative space where fish interact both with partners in a school 
and predators is apparently a result of linear relationship between fish speed and their length 
(Radakov, Protasov, 1964; Pavlov, 1979). Assesment of potential consequencies of predator 
attack made in accordance with this relationship showed (Table 8) that the distance of primary 
reaction (stop) of a school to approaching predator is a safe distance of codident reaction of a 
school to potential attack by a predator while the distance at which a school begin to escape is a 
rishy one for a predator could reach a point where one of potential prey is located before the latter 
has completed its turn and moved as far as its body length. 
Should approach of fish to a partner in a school be restricted by the distance of confident reaction to 
its potential manoeurve, a departure of fish fiom each other must probably be restricted by the 
distance of stable imitation of partner's actions. Accord'i~ to experirnental data provided by 
Radakov (1979) the distance where imitating fish in 100°/o of cases imitates movements of imitated 
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fish does not exceed 6 average lengths of their bodies. With an increase of the distance to 12 
average lengths a probability of imitating the manoeurve diminishes to O. As was shown earlier 
(Figs. 1 1, 12) all distances between fish readily chosen by individuals in schools of capelin and 
young bream were less than 6 body len=&, i.e. they were within the range where dective 
imitation was feasible. 
Thus, it rnay be stated that a distance between partners is chosen by fish within an interval fiom the 
distance of coniident reaction to partners' manoeuvre to the distance of codident irnitation of its 
manoeurve. 
Induced over-density in a fish school in a zone of decreasing section of a pelagic trawl leads 
according to underwater observatiom (Korotkov, Kumina, 1972) to a loss of effective interaction 
between fish and rolling down of the whole school into the codend. A s i i a r  break-down in 
adaptive behaviour was obsenred by us in an over-dense Caspian kilka school distributed near an 
underwater light. In all the cases the effectiveness of group interaction between fish has been lost as 
a resuit of their approach towards each other at a distance that makes it dficult to perform 
imitating manoeurves. 
Effectiveness of performing by fish of imitating motor manoeurves rnay be related to not only the 
distance between fish but also to how rnany imitating fish are tracked by irnitated fish or how many 
imitated fish recognize a manoeuvre by imitating fish. Most simple is tracking of manoeuvres of 
only one partner in a group (elementary school) comprising 2-3 fish. As show in Table 4 in more 
than a half of cases fish in an elementary school have only one nmest partner. Correspondiiy, 
elementary schools of 2-3 fish are most fiequent (Tabie 5). 
As shown by studies done by Zaterman (1995) the density and degree of order in elementary 
schools are inversely related to the number of fish in those schools. The density and degree of order 
in schools and aggregatiom of fish increase notably in escape and fiight when all defensive reactions 
are mobiised. AU this suggests that density and degree of order reflect effdveness of performing 
by fish of imitating interaction in a school. This interaction would apparently be most &&ve in an 
elementary school of 2 partners. When their number increases to 4-5 the effiveness of interaction 
- - k m s w ~ s p ~ ~ ~ ~ ~ e W r i e ~ * - - ~  W). 
Splitting into groups for better effiveness of interaction is weli laiown, however, h e n  there are 
more or less obvious Lcleaders" (itated fish) available a group of unitatllg fish focused on one 
leader muld be quite numerous. In equipotentiai schools of fish where there are no "leaders" such 
groups must tend to minimize their number to the lowest possii'be, what we probably observe in 
reaiity. 
Thus, maintaining by fish of certain distances between nearest partners in a school as well as 
formation of those schools have basidy one and the same reason and objective: to achieve 
d u m  effdveness of imitating manoewves which are as said before underlie fish schooling 
behaviour. 
Studies undertaken d o w  to state codidentiy that there are two types of behaviour in schooling W: 
passive and active and in addition there are at least two levels of group unification - elementaq 
school containing a small number of fish and macroschwl (shoal) that could be composed of 
hundreds and thousands of fish. 
In addition to the two types of behaviour which are adaptive in their nature because they are 
associated with realization of biological fiinctiom by a school, there can be a third mdaptive or 
shodc-induced type of behaviour exhibited by fish under conditiom of non-artificial over-density7 for 
instanm, in a trawl or near a light source. In terms of its mechanism this type is associated with an 
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approach of fish towards each other at distances less than the distance of coddent reaction to 
partner's rnanoeurve which leads to coiliding with nearest partners and disturbane of group 
coordiiation in a school as a whole. Factors which can course over-density in a school deserve a 
special study siice discoordination of group behaviour of a school that occurs under their effect is a 
principal requisite of successfiil fishing of schooling fish especially when adiicial light is used. 
Aiong with the two levels of group uniiication mentioned above: elementary school and 
macroschool there muld be a third level of unification of macroschools (shoals) into a single-species 
aggregation. Such extensive aggregations of anchovy shoals (hgrmlis Engrasicholus Pontica 
Aleksandrov) migrating through the Kerchensky Strait were observed by Lebedev (1967, 1967-a) 
during air surveiilance when shoals in a singie-species aggregation showed signs of group 
interaction According to theoretid conception by Lebedev a true schooling in fish is charactetized 
by not ody group contacts between fish but aiso between groups of fish within an aggregation of a 
higher class. 
The knowledge of levels of group udcation in schooting fish itself is being developed. 
Correspondingiy, the degree to which they have been studied is not the same. It looks necessary in 
future to study the degree of stabity of elementary schools, exhange between fish and its dynamics, 
interaction of elementaty schools within a rnacroschool (shoal), interaction between macroschools 
within side-species aggregations. 
It is aiso extrernely important to study d practid consequences from resuits of these studies. 
M . L . Z a f m  and G.P.Tarasova (1993) noted that when echo signais are reflected fiom dense 
mobile schools in sea conditions it is quite possible that a coherent component occurs which 
sigmficantly changes the relationship between echo intensity and density of fish. The same authors 
also indicated that a probabiity of such a component must depend on the length of existence of 
elementaty schools. However, in any case a real structure of aggregations of schooling iish 
fbndamentally diiers fiom random distriiution (Poisson's) widely used in acoustic studies. In 
particular, if under random distribution, according to Lozov and Suomala (1972), density "p" and 
average distance between fish 'W are related by a ratio: 
L= 0.551~"- (31 
in a real capeiin school accordiig to our data, this ratio is: 
where numerator is an empiric coefficient of the order of elementary school, and "q" is a coefficient 
of filhg by the schools of the volume of a shoai, equal to the ratio of elementary school density to 
average density of the shoal. As shown by our research, for capelin this coefficient rnay vary within 
0.05-0.26 depending on the time of the day (Table 9). 
Kadi iov  (1985) has shown a possib'i of practical utiiization of our data on the structure of 
aggregations of schooling fish to descn'be characteristics of distribution of commercidy-important 
species, for catch prediction and in a perspective for irnprovement of fishing gears. However, these 
possibilities are not quite clear and require fiirther investigation. 
CONCLUSIONS 
Studies undertaken have shown that large schools of fish consist of elernentary schools w i t h  which 
fish maintain distances between each other lying in the interval fiom a minimum distance of 
confident reaction to partner's manoeurve to a maxirnum distance of stable imitation of its 
manoeurves. On the whole a formation of elementary schools and maintaining of certain distances 
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between nearest partners are associated with a need for effective performance of irnitating reactions 
underlying schooling behaviour. 
The distance of confident reaction is maintained by schooling fish not only with respect to nearest 
pamier but also to potential predator. During the time to cover this distance at a spurt speed the fish 
which are prey usually succeed in turning by an angle of 90"-180" and swim a distance bigger than 
thek body length in the course of a manoeurve like Russian letter "W (Radakov, 1972). 
.4 relationship between density and fish size which was found out by us earlier (Serebrov, 1976) is 
of universal nature, while a fish body length is a universal measure of their operative space due to 
relationship between fish length and their speed. 
Overdensity of shoals in a trawl in a tone of &cid light and during vertical rnigrations may lead 
to disturbance of group movement coordination caused by approach of fish towards each other at a 
distance less than the distance of confident reaction. In d the cases it is possible to carry out an 
effective fishing of schooiing fish and they can be intensively preyed on by predators, for instance, 
during vertid migratiom in the morning and mening. 
It is expedient to study the behaviour of schoohg fish fiirther with reference to the levels of their 
group interaction. In particular, it is useful to assess the degree of stabiity of elementary schools, a 
pattem of their interaction between each other in a macroschool (shoal) as weil as interaction of 
shoals in single-species aggregatiom. It is also important to study practical possibiities of applying 
the results fiom this study to the methods of acoustic surveying, improvement of predictions of 
distribution and irnprovement of fishing gears. 
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Table 1. Comparative density active and passive fish schools 
Note :* according to Zaferman (1972) 
;able 2. Relative catchability of fishing by trawl for active and passive schools 
Young 
bream 
(in tank) 
348 
1 62 
2.14 
Density at 
daytirne, fish/m3 
Density at night, 
fishlm3 
Density ratio 
Species (at sea) 
Species 
Capelin 
Polar cod 
Blue 
whiting 
Table 3. Density of schools and fish size 
Capelin 
15.7* 
0.57 
27.5 
(ote:* Underestimation of some fish on the ground by acoustic method is possible 
Night 
l Species 
Blue whiting 
8.8 
0.5 1 
17.2 
Polar cod 
13.6 
0.17 
8 1.2 
Daytime 
Average 
abundancea in 
fishing zone, 
thou.fish 
628.0 
50.0 
16.7 
Kilka 
186.5 
0.019 
9815.8 
Mean 
Catch in% 
to 
abundance 
13.0 
9.5 
18.4 
Average 
catch, 
thou.fish 
13 1 
50.0 
3.9 
Average 
abundace in 
fishing zone, 
thou.fish 
65 1 .O 
96.9 
34.8 
I 
Catch in % 
to 
abundance 
20.7 
100.0* 
23.4 
Average 
catch, 
thou.fish 
85.1 
9.2 
6.4 
Average t 
I 
I 
I 
I 
I 
round grenadier 
small cod 
herring 
polar cod 
capelin 
verkhovka Leucaspius 
delitzeatus* 
young rnimow Phoxinus 
Phoximrs 
young bream 
Note: *according to Radakov, 1972 
i' 
lenght, 
cm. 
75.8 
27.8 
30.5 
18.7 
14.6 
4.6 
2.3 
5.8 
-- 
density, 
fish/m3 
O. 13 
4.7 
3.2 
13.6 
15.7 
578.7 
12500.0 
248.8 
at sea 
-l/-- 
--//-- 
-/l-- 
--//-- 
tank 
river Kitsa 
tank 
by formula (1) 
cm. 
197 
61 
68 
42 
40 
12 
4.3 
14.2 
in average fish 
length 
2.6 
2.2 
2.2 
2.2 
2.7 
2.6 
1.9 
2.4 
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Table 4. Occurrence ( %) of a quantity of nearest partners for capelin 
Table 5. Occurrence (%) of elementary schools of various abundance and distances between 
fish (in average body length) 
Behaviour type 
Active (at daytime) 
Passive (at nigth) 
I 
1 
I 
t 
I Notes: 1. Occurrences are in the numerator, average distances are in the denominator. 2. References are as foliows: Serebrov, 1984 
* Zaferman and Tarasova, 1993 
1 
I 
I 
I 
I 
Table 6. Distances between nearest partners and double radii of turning trajectones in the 
Number of nearest partners 
condensed school of young brearn 
4 
6.1 
3 
6.4 
2.0 
1 
64.0 
67.4 
2 
29.6 
24.5 
Criterium 
by Student 
0.63 
Average 
value in body 
length 
0.65 
0.63 
Standard 
deviation, 
cm 
1.51 
1.23 
Average 
value, 
cm 
3.86 
3.70 
Distance between 
nearest partners 
Double radius of 
turning trajectories 
Number of 
measurements 
177 
3 O 
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Table 7. Distances of stopping and escaping by school when encountenng predator models 
Table 8. Expectable moving of preys (young brearn shoaled) during predator's attack 
Type of 
reaction 
Stopping 
Escaping 
Type of Length of Average speed Time to Expected angle Way of preys 
reaction predator of predator move to of preys 
model, cm model, cm/s school, s turning, O 
cm in body 
lengths 
Stopping 17 98.8 0.496 242 102 1.74 
3 4 197.6 0.402 196 82 1.41 
Escaping 17 98.8 O. 198 92 38 0.66 
3 4 197.6 0.151 74 3 1 0.53 
Table 9. Relation between densities of shod (macroschool) and elementery schools 1 
Length 
of model 
17 
34 
17 
34 
Shoal Elementary schools 
Period of Number Average Number Average Average Relation between 
the day of density, of distance density, densities of 
photos spec./m3 measure- between spec./m3 the shoal and the 
ments specimens elementary schools 
Djumal 9 0.949 189 0.463 18.8 0.05 
Noctumal 7 0.68 47 0.894 2.6 0.26 
Number of 
observations 
56 
44 
43 
3 8 
Average 
distance, 
cm 
49.0 
79.5 
18.6 
29.8 
Standard 
deviation, 
cm 
19.6 
24.0 
6.6 
10.5 
Average 
distance in 
body length 
2.88 
2.33 
1 .O9 
0.87 
Criterium 
by 
Student 
6.8 
5.6 
5 7 
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Fig. 5 .  Occurrence of polar cod echo recordings at night (1) and in the daytime (2) under 
repeated coverage of one and the same route. 
. .-.- . . . .- . .- 
..-._' <y+ X<&- I - :  , .<.. \- J:; .., 8' . {: - . .  
Fig. 6 .  Echograms of capelin ascent (top) in the evening and estimates of average school 
density (bottom) from repeated sailing of a research vessel above the school. 
:<. '-a' *.*:/:::r& i.: :. ,,. , $2 
Fig. 8. Relationship of expected average disttmce between fish 
in a school to their average length. 
Fig. 7. Distrib I n  arid undenvater pictures of Caspian kilka 
taken near an undenvater source of light. 1 - "prefereridum" 
zone (Kure, 1963), 2 - zone of scliooling, 3 - zone of over- 
density and break-down of adaptive beliaviour. 
- - - - - -  
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SCHOOLING DYNAMICS 
OF SPAWNING HERRING (Clupea harengus L.) 
IN A BAY IN SOUTH-WESTERN NORWAY 
B.E.Axelsen and 0.A.Misund 
institute of Marine Research, Fish Capture Division 
N5024 Bergen, Nomy 
ABSTRACT 
The schooling dynamics of hening (Clupea harengta L.) was investigated during 
spawning in Raunefjord, south-westem Norway in 1994. A single school of Nonvegian 
spring spawning hening WSS) was tracked during daytime over a five day period in the 
spawning season, using multibeam sanning sonar and echosounder. Gillnet samples of the 
herring were coilected daily fiom the school. 
The school completed spawning in 3-4 bys. It remained one unit throughout the period, 
but when spawning was initiated, the school divided vertidy into two components, one 
pelagic and one derned. DiBlering individual choices in the trade-off between s u ~ v a l  
and reproduction h r  fish prior to, during and aikr spawning may have caused vertical 
gradients of key h r s  such as food and predaton to act as dividing forces. Prior to 
spa*, Late matured and ripened individuals seeking d o w n d  and early matured and 
spent individuals searching upwards probably caused the vertical school shape to be 
cyhdricai. As spawning proceeded, fish from the demersai component spred outwards at 
the bottom, causing this component to take on the shape of a carpet, whereas the pelagic 
unit condensed into a somewhat tighter baU. Wben spa+ was completed, the two 
. . 
to fonn a loose flake dose to the suhce. 
Possible effects of timing and duration of the spa* period on acousiic survey estimates 
of spawning herring are discussed. 
INTRODUCTION 
The maturation cycle of Atlantic hemng, which ultimately determines the time of spawning 
@es, 1964), have traditionally been considered to be relatively &ed (Cushing, 1969), generaily 
within a 4-6 weeks interval (Dragesund, 1970; Dragesund et al., 1980; Lambert, 1987). 
However, in a recent study including a large histoncal material on New Foundland hening 
fiom 1970 to 1992, time of spawning appears to be strongly related to variation in sea 
temperature in January (w'iters & Wheeler, 1996), and plasticity in the maturation cycle is 
suggested to be an adaptation to interannual variation in time of optimal larvai conditions, 
accordiing to match-mismatch theory (Cushing 1969, 1975). 
Also, fish behaviour and large scale schooling dynamics on the spawning grounds have been 
reported to be more dynamic than previously anticipated. Nmestad et al. (1996) concluded 
that schools migrate in and out of the spawning areas throughout the spawning period, and 
suggested that individual schools have shorter residential periods on the spawning grounds 
than 30 days, which has been the generai opinion (Devold, 1967). However, to the authors 
knowledge, there has prior to this study not been reported in situ observations of a single 
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school of herring throughout the entire spawning process. The duration of the process and the 
dynarnic repertoire of herring schools in this crucial phase seems to be poorly understood, even 
though Aneer et ai. (1983) have given a unique description of spawning behaviour of Baltic 
herring in the northern Baltic Sea, based on visual observations. 
In this study, an overview of the schooling dynamics of a single school of herring, observed 
and sampled in situ throughout spawning, is presented. The results illustrate how spawning 
behaviour may be a potential source of error in acoustic abundance estimates of spawning 
herring. 
MATERIALS AND METHODS 
A school of NSS herring was tracked daily during daytime hours between 09:OO and 14:OO 
(UTC) in Raunefjord, south-westem Norway in the period 2514 - 2914 1994. The school 
remained in the relatively small Bildray Bay (figure 1) throughout the period, and was therefore 
readily located with sonar. The 96 GRT research vessel RN "Hans Brattstrøm" of the 
University of Bergen was used in the investigation. A daily survey was conducted in the Bildnry 
area to locate the hemng, and to investigate whether there were other fish schools and 
potential predators in the area. 
Hydroacoustic recordings 
The sonar used for the school tracking was a Kaijoo Denkij KCH 1827, a 180' multibeam 
scanning sonar with electronic beam orientation for recestion and transmission (Rotated 
Directed Transmission, RDT) and mechanical transducer tilt. Continuos tracking was 
attempted at 50-100 m vessel to school distance. However, in periods of low echo intensity 
and navigation problems due to shaliow zones in the area, the school was occasionaliy lost, and 
the distance varied from 25 to 250 m. The majority of the observations were however done at 
a vessel to school distance between 50 and 100 m. The sonar image was recorded on video, 
and altogether 13 hours of sonar remrdings were included in the material. Only recordings 
where the school had been tracked continuously for more than 10 minutes were analysed, in 
order to exclude sudden bursts due to vessel avoidance from the material and thereby obtaining 
the most realistic sonar image of the schools natural behaviour as possible. 
Geographical position (GPS), swimming speed (V (ms")), horizontal school area (A (m2)), 
relative density (D (%)), circularity (C (%)) and depth in the centre of the school @- (m)), 
was recorded every 60 + 5 second, depending on whether or not the sonar image was clearly 
affected by bottom echoes or unfavourable tilt angles. If no acceptable image was observed 
within this 10 second interval, data were not collected. Data were collected from altogether 
397 accepted observations. The geographicd positions of the school was calculated 
trigonometricdy from vessel position and horizontal distance & bearing to the school. 
Swimrning speed was calculated using the geographicai positions of the school from 
observation to observation for all recordings with less than two rninute time difference. The 
horizontal area of the projected section of the school was measured with a light pen. 
Corrections were made for tilt angle (Misund, 1991), and for distance induced bias (linear 
regression, before correction: R' = 0,ll; pc0,001. after correction: R* = 0.00; p>0,05). 
Relative density was defined as the percentage the densest part of the school (red area on the 
sonar screen) covered of the overall school area. Depth in the centre of the school, calculated 
trigonometric from vessel to school distance and tilt ansle, was indicated on the sonar screen. 
Circularity was calculated using the formula given by Gerlotto et al. (1 994). Net displacement 
velocity was calculated for each day from the first to the last remrded school position. 
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The echosounder, a Simrad EQ 50, was connected to a Hewlett Packard deskjet colour 
printer. Altogether 72 echograms of the school were printed within the time period of the 
sonar recordings. Minimum depth (D, (m)), maximum depth (D, (m)), horizontal extension 
(H (m)) and vertical extension (Vsounda (m)) were measured manually from the echogams. 
Vertical extension was calculated as the difference between minimum and maximum depth. 
whereas depth in the centre of the school (m) was calculated as Ds,- = Dmin + 0,5 * 
School shape was categorised into four dominating types, discriminated according to 
horizontal to vertical extension ratio (table 1). The vessel speed at the passing time was not 
recorded for all registrations. The horizontal extension of the school may therefore have been 
subject to some random error due to variation in passage speed. Large margins between the 
various categories were therefore applied to avoid incorrect categorisation. School recordings 
that did not fit any of the predefined categories were termed "Arnorphous". Larger single fish 
echoes in the area were recorded as potential fish predators. 
Fish samples and environmental data 
Four gillnets were placed in one chain to sarnple individual hemng from the school. The nets 
were set each afternoon in the central region of the Bilday bay the first four days of the period. 
Sarnples of hemng and bigger (2 50 cm total length) gadoids were collected from the nets each 
consecutive morning. The herring was weighed (total wet weight; 0,l g resolution) and length 
measured (total length, 10 mm length groups). Stomach hllness was graded 1-5, 1 
conesponding to empty stomachs and 5 to "bil to the point of bursting", whereas gonad 
manirity index was classified according to the 8 point maturity scale of the Intemational 
Council for the Exploration of the Sea (Anon., 1962). There was an even distribution between 
the sexes in the herring gillnet samples (49,8 % males and 50,2 % femaies, n=133). Total 
length (l) ranged fiom 250 mm to 360 mm, i= 305 f 19 mm. Total wet weight (w) ranged 
fiom 148 g to 363 g, w = 232 g f 45 g. The samples were dominated by fish fiom 3 to 5 years 
of age, but also 6, 7 and 11 years old individuals (the strong 1983 year class) were present. 
Each sample contained 5-10 diierent gadoids such as cod (Gadus morha L.), haddock 
(Mehogrammus a e g l e f i m  L.) and saithe (Pollachius virens L.). CTD profiles were taken 
-botkm th~BlckyBayand-in the w r m e c t m g f j n r d ~ ~ ~ 6 1 1 r h e a ~ ~ -  
provided from the nearest meteorological field station (DNMI, Flesland). 
RESULTS 
The average gonad maturation index in the samples progressed from a dorninance of early 
maturing individuals in the first sample to a dorninance of spent individuals in the last sarnple 
(table 2). Fish at d stages had food in their stomachs, but there was a slight positive 
correlation between stornach fuiiness and maturation stage (r = 0,19; p<O,O5). There was a 
linear relationship between stomach hiiness and maturation stage, but only 4% of the total 
variation could be explained by this relation (linear regression, = 904; p<0,05). 
Only one herring school was recorded. The school was located within the Bildøy bay 
throughout the study period. The first day, echosounder recordings revealed that the school 
divided into two vertically segregated components, one pelagic and one demersal. Only the 
pelagic component could be detected by the sonar, and the sonar parameters therefore 
exclusively refer to this part of the school. The two subgroups were aligned vertically, with an 
intercomponent distance of 2-30 m, predominately between 10 and 20 m (figure 2). Towards 
the end of the period, the demersal components disappeared fiom the recordings, and only the 
pelagic unit was lefi, located directly undemeath the surface. 
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The vertical shape of the pelagic and demersal component changed remarkably throughout the 
period (figure 3). The most comrnon category or combiiation of categories was "Cyiindei' the 
first day (47 %), "Arnorphous/Carpet" the second day (42 %), "Baii/Carpetn the third day (30 
%), ("Cylinder/Carpet7' (24 %) and "FlakeKarpet" (19 %) the forth day and "Flake" the fifih 
day (48 %). There was a significant relationship between shape and depth (Tukey HSD test 
with unequal n, p<0,001) (table 3). 
There was no linear relationship between vessel to school distance and depth (linear regression, 
= 0,OO; pX,OS), indicating that swimming depth was independent of distance to the vessel. 
There was, however, a positive linear relation between school area and relative density (log [n] 
transformation and linear regression, R2 = 0,07; p<0,001)- 
The school area increased sigdcantly throughout the period (Linear regression, R' = 0,19 
p<0,001), whereas vertical extension fiom the echosounder and swirnrning depth for both 
sonar and echosounder showed a decreasing tendency (linear regression, R' = 0,35; p<0,001, 
R' = 0,23; p<O,OOl and R2 = 0,30; p<O,OOl, respectively). 
Net displacement velocity was highea the first day (0,43 rnS1), lowest the second day (0,Ol 
ms-l) and steadily increasing towards the end of the period (0,13 må1 the last day). School area 
(m2), swimming depth (m) and vertical extension (m) were highly dynarnic, whereas swimming 
speed, relative density and circularity showed iittle variation. 
DISCUSSION 
Most hydroacoustic studies have focused either on sonar or echosounder instrumentation, thus 
operating in two dimensions. However, the combination of sonar and echosounder in this study 
made it possible to get an overview of the 3D school dynamics. Even though the school was 
tracked with the sonar throughout the period, the demersal component could not be detected 
with this instrument. This layer was, however, easiiy identified-with the echosounder. Also, 
vertical orientation and school shape could only be described properly using the echosounder. 
On the other hand, if schools are present close to the surface, bigger vessels than the one 
applied in the present study can have problems detecting the schools with the echosounder due 
I 
to the upper dead zone, and in that case sonar may be the more practical instrument to use. i 
Observing a school strictly in 2D can also give a wrong impression of its dynamics. The 
relative density of the school increased with increasing school area. Increased area should 
normaliy be associated with increased volume, and thus diminishing school density. Decreasing 
interfish distance with increasing speed has previously been suggested to explain positive 
relationships between density and area in schools of herring, capelin (Mallotus villosus) and 
sandeel (Ammodyres sp.) (Cushing, 1977). In the present study, no change in swimming speed 
could be identified. However, school area increased throughout the period whereas the vertical 
extension, observed with the echosounder decreased in the same period. This clearly indicates 
that in the presented study, rather than increased swimming speed causing a tighter fish 
aggresating, the school was simply squeezing together vertically. 
The depth estimates of the centre of the school seemed to be consequently somewhat deeper 
whith the sonar than whith the echosounder. A random error should be expected to be 
averaged out for multiple measurments, and a likely explanation is therefore sound wave 
refraction in the transition zone between brackish surface layer (25 psu) and saline sea water 
(32--33 psu). The overall impression of the school depth of the pelagic component was 
however fairly consistent between the two instruments. In conclusion, when investigating 
highiy dynamic schools such as herring, both sonar and echosounder should be applied to get a 
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representative impression of the dynamics and to obtain a better basis for evaluating possible 
sources of error. 
Vessel avoidance could affect the schooling dynamics and thereby lead to a less representative 
impression of the herring's natural behaviour. Avoidance can be caused by noise fiom 
propellers and engines on the vessel (Olsen et al., 1983; Blaxter, 1985), and is among others 
reported for NSS hemng (Olsen et al., 1983; Misund, 1991), North Sea hening (Misund & 
Aglen, 1992) and Baltic herring (Suuronen et al., 1996). Several authors have pointed out 
possible consequences for abundance estimation (Olsen et al., 1983, Freon et al., 1992, Sona 
et al., 1996), but the knowledge about this important factor is yet not satisfactory. In this 
study, there was no relation between vessel to school distance and depth in the centre of the 
school, as should have been expected if the hening dove when the vessel came too close 
(Olsen et al., 1983). Neither did the echosounder indicate deeper school position than the 
sonar. The herring may have been habituated to the vessel, but in that case one should have 
seen a decrease in diving activity, and this was not the case. The behaviour of the herring has 
therefore probably not been affected by the boat to a large extent in this study, but the fish may 
have been habituated to boat trafEc in the area prior to the investigation. 
This study includes one school only, and the behaviour may vary between schools. Size 
segregation is reported for herring schools (Slotte, 1996), and bigger fish may be expected to 
swim somewhat longer and faster (Ware, 1978; Videler, 1993). However, size done should 
not lead to ftndarnental changes in school shape and dynamics. Herring schools are groups of 
thousands of individual fish, and it seems unlikely that different schools consist of individuals 
that behave fiindamentaiiy diierent. Environmental factors should, however, be expected to 
affect behaviour, and the environment may thus influence behaviour differently on separate 
spawning grounds. In the study period, the Bildsy Bay consisted of cold, coastal water, which 
hemng is s e e b g  towards prior to spawning (Runnstrøm, 1941). Temperature and salinity 
changed relatively little with depth, and wind and wave activity were fairly low and constant 
throughout the period. Thus the environment muld not have been extraordinary for spawning 
concerning the hydrographical conditions. 
The spawning period has previously been estimated to 30 days fiom the schools enter the 
spawning area until spawning is initiated (Devold, 1967). The gonad maturation index of the 
herring sarnples in the present study indicated that spawning was completed within 
approximately 3-4 days. Spring spawning Balsfjord herring has been observed (visually) to 
complete spawning in three days (Kjørsvik et al., 1990), and Nattestad et al. (1996) observed 
(acoustically) imrnigrating, ernigrating, searching, spawning and feeding schools at the 
spawning grounds throughout the entire spawning period at the Karmøy spawning grounds in 
south-westem Norway in 1994. They suggested that schools rnigrate in, spawn and migrate 
out again on a 4-6 day basis, indicating a considerably shorter spawning period than previously 
assumed. Even though they did not have observations on single schools throughout the process 
to support their hypothesis, their estirnation is still consistent with the present study. 
The duration of the spawning period may be infiuenced by school size. Pacific herring has been 
reported to distribute their spawning products repeatedly in brief periods, small schools (10-20 
individuals) completing quicker (3 hours) than bigger (100-200 individuals) schools, spendiig 
12 hours in the process (Stacey & Hourston, 1982). Furevik (1976) observed visually that a 
small, local herring stock in western Norway spawned within 12 hours, and Johannessen 
(1986) reported that the same stock completed spawning within a single day. NSS herring is 
reported to spawn on flat bottom substrate such as coarse gravel and rock (Bergstad et al., 
1991), and the available area of spawning substrate could be an important limiting factor for 
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school size. Variations in school sine and available spawning substrate can therefore cause 
variations in residential periods between areas. Feeding has been observed on the spawning 
grounds of NSS hemng (Nnrttestad et al., 1996; helsen, 1997), and food availability can 
therefore also be an important factor. Schools of spent hemng feeding on the spawning 
grounds may also increase the probability of multiple school encounters. 
In the assessment of the spawning stock of the NSS hemng, hydroacoustic surveys are used as 
indications of relative changes from year to year, Virtual Population Analysis (VPA) being the 
reference (Anon., 1996). The surveying is conducted night-time only when the hemng are 
disperced in midwater shoals and layers (Anon., 1996), thereby avoiding bias due to close-to- 
bottom distribution (Ona & Mitson, 1996) and possibly another target strength when at greater 
depth during daytime (Ona, 1990). Normally, the transect lines are perpendicular to the coast 
(Anon., 1996), while the southbound migration towards the spawning grounds and the 
northbound migration away fiom the spawning ground are along the coast. If the residential 
periode on the spawning ground is in the order of 3-6 days as suggested by our study and 
Nattestad et al. (1996), there may be substantial migrations towards and away fiom the 
spawning areas during the acoustic survey of the spawning stock. With transect lines about 
perpendicular to the migration directions, a possible bias due to these migrations will be 
dependent on the progression speed (Vp) of the survey relative to the proportion (QT) and 
speed of the hening towards (VT) and the proportion (QA) and speed of the herring away (VA) 
fiom the spawning ground. For a survey progressing from north to south, this can be expressed 
by a slight modification of the equation given by MacLennan and Simmons (1 992) as: 
where Q is the measured biomass and E(Q) is the expected biomass. Similar considerations 
have been made for North Sea herring (Hafkteinsson & Misund, 1995). However, the 
residential periods on the offshore spawning grounds are probably longer than indicated by the 
present study and by Nøttestad et al. (1996), possibly as long as 3 weeks (Slotte & 
Johannessen, 1996). If the acoustic survey is conducted during this period, the bias due to 
enegligible. 
At night time during spawning, the NSS herring spreads out in loosely arranged flakes, and this 
is favourable for the hydroacoustic abundance estimation techniques. However, there are great 
dynarnics on the spawning grounds during daytime, both in the horizontal plane (Nattestad et 
al., 1996) and in the vertical piane (Axelsen, 1997), and even though the spatial distribution 
may appear fairly stable, the herring may also be active at night. Coastal spring spawning 
herring on the westem coast of Norway have been reported to spawn at night (Furevik, 1976). 
Northem anchovy (Engraulis ntordax) (Hunter 8.. Kimbrell, 1980) and Japanese sardine 
(Sa~'di~?ops mela~tostictus) (Shiraishi et al., 1996) has been reported to spawn at night as well. 
If hening schools are as dynarnic at night as they are in the day time, this can certainly affect 
the abundance estimates. School dynarnics on the spawning ground at night should therefore 
be investigated further both in the horizontal and vertical plane, and potential effects on 
abundance estimation should be considered. 
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Tablc 1. Cnteria defining the different shape categories of the echosounder recordings (V: Vertical estension: 
H: Honzontal estension). 
Category 
Cylinder 
Ball 
Carpet 
Flake 
Amorphous 
Table 2. Gonad inaturation indexes (Anon.. 1962) in the hemng samples in percent (%). 
Table 3. Vertical orientation of the different shape categories (n 
- 
mas 
I l 
24 
3 6 
2 
34 
Verbcal onentation 
Pelagic 
Pelagic 
Demersal 
Pelagic 
Pelagrd Demersal 
Maturation stage 
Sample 1 
Sarnple 2 
Sample 3 
Sample 4 
number of observations). 
C riterion 
V : H  3:l 
V : H =  1:1+1:4 
V : H 1 :j, demersal 
V : H 1 :5, pelagic 
Others 
m a t u ~ g  (4) 
47 
O 
O 
O 
ripe (5) 
40 
7 1 
3 
1 O 
Category 
Flake 
Ball 
Cylinder 
Carpet* 
Arnorphous 
min 
3 
8 
13 
2 
3 
% Pelagic 
1 O0 
1 O0 
90 
O 
5 5 
n 
l5 
16 
20 
3 7 
20 
spawning (6) 
13 
29 
2 1 
10 
V,dH+ SD 
5.3k2.2 
14.8 f 3.9 
21.8 f 5.8 
2.0 f 0.0 
14.1 + 8.9 
108 69 
min 
2 
5 
13 
25 
8 
% Demersal 
O 
O 
10 
1 O0 
45 
max 
8 
23 
42 
59 
57 
spent (7) 
O 
O 
77 
76 
of "Carnet" were estimated to 2 m verticaI e 
D.- _+ SD 
3.1 f 1.5 
11.8 k4.1 
20.8 f 6.8 
39.2 9.7 
28.7 f 17 
3 1 
resting stage (8) 
O 
O 
O 
4 
24.6 16 
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RAUNEFJORDEN 
Fig. 1. Map over the B i ldq  area (0 - area o f  investigation, depths are in meters). 
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Fig. 2. Vertical onentation of the school components (n) in the water column (o) each day 
during the observation penod (-: bottom (fitted)). Numbers indicate percentage of the 
observations with demersal component. Horizontal axis indicates the dates of the observations 
and vertical axis indicates depth (m). 
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Fig. 3 .  Different school shapes observed throughout the period: a) "Arnorphus" (early in the 
period); b) "Cvlinder", a growing pseudopodium can be seen fiom the school towards the 
bottom (early in the period); c) "BallICarpet" (in the middle of the period); d) "Flake" (late in 
the period). Larger individual fish can be seen underneath and next to the school in a) and next 
to the school in c). Bottom depth is approximately 50 meters. 
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VERTICAL DISTRIBUTION OF COD, HADDOCK AND REDFISH; 
IMPACT ON BOTTOM TRAWL AND ACOUSTIC SURVEYS 
IN THE BARENTS SEA 
 len', A. ~ n ~ å s ' ,  I. ~ u s e ' ,  K. ~ichalsen' and B. Stensbolt' 
Institute of Marine Research, 
P.O. Box 1870, N-5024 Bergen, Norway 
ABSTRACT 
At a selected location in the Barents Sea acoustic obsemations, bottom- and pelagic t r a ~ l  
catch data were collected over a 10 day period. A large proportion of the fish were in the 
acoustic dead zone during the sampiing period. Only during a few hours in the daytime 
high acoustic values were obtained. According to the pelagic trawl hauls these recordings 
consisted of large haddock ascending fiom the bottom, while small haddock and small 
redfish dominated the acoustic recordmgs at night. The bottom trawl catches showed 
higher variability and higher average catch rates during the day than at night, but the 
d i u d  Variations were relatively less pronounced than those of the acoustic recordings. 
The largest reduction in catch rates from &y to night was obsemed for small haddock and 
redfish. This is consistent with the observation that these were found pelagicly during 
night. The acoustic observations and the bottom trawl catch rates were found to be 
correlated with diurnal cycles in obsemed light level and semidiud cycles in current 
speed. The results are interprded in t e m  of variable catchability of the bottom trawl and 
variable availability for the echo sounder. 
INTRODUCTION 
- Bottom trawl and acoustic surveys have been carried out in the Barents Sea and Svalbard area 
1 since 1981. These two sets of indices of abundance have bee used independently in tuning of the VPA and recmitment predictions in the annual stock assessment at ICES (Anon., 1996). 
Since fishenes-dependent data have become less reliable for use in these methods due to 
I changes in fishing strategy and efficiency the last decades, results from the standardised scientific surveys have increased in importance (Hylen et al., 1986). In spite of the high 
influence in the assessment procedures, neither of the two survey methods sample the complete 
stock. Fish distributed near the bottom are best assessed by a bottom trawl survey while 
acoustic measurements obviously are more applicable on pelagicly distributed fish. In addition 
changes in availabiity of the fish to the survey methods might change fiom year to year (Gob 
and Wespestad, 1993) as well as within a diumal cycle (Engås and Gods, 1986; Wardle, 1993; 
Michalsen et al., 1996). Diurnal differences in catch rates and length frequency have aiso been 
reported (Engås and Soldai, 1992; Wardle, 1993; Michalsen et al., 1996). In order to increase 
the reliabidity of the survey estimates, factors which influence the behaviour of the fish as well 
as the performance of the two methods have to be understood. One of the most important 
sources of errors in this case is the vertid movements undertaken by the fish. 
Vertid migration is in most cases described as a trade off between predation risk and food 
consumption, modulated by changes in light (Neilson and Perry, 1990; Heifinan, 1993). Water 
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currents are also known to influence the vertical distribution, either due to the fish avoiding or 
utilising them (Arnold, 198 1 ; Arnold et al., 1994; Metcalf and Arnold, 1997). 
The present study was based on acoustic observations, bottom- and pelagic trawl catches 
collected over a 10 day period at a selected location in the Barents Sea. Data fiom 10 days of 
trawling and acoustic sampling were analysed and related to measurements of current, light 
and temperature. The results were interpreted and discussed with regard to potential impact on 
the reliability of bottom trawl- and acoustic surveys. 
MATERIAL AND METHODS 
Acoustical observations, bottom- and pelagic trawl catches 
Based on experience fiom annual surveys in February the area around the North Cape Bank 
was expected to be suitable for the experiment. After some searching in this area a fixed 
bottom trawl towing path was selected at position 72'41' N, 25'30' E, with a towing distance 
of 1 nautical mile in direction 20". Pelagic tows covered more or less the same path but were 
extended by about 1 nautical mile to each end of the bottom trawl path as indicated in the first 
panel of Fig. 3. 
In order to compare diierences in the distnbution of fish between day and night, no hauls were 
made during dusk and dawn. During the first days 3-4 bottom trawl hauls were made both 
during daylight and at night. Then it was decided that a usefiil strategy for sampling the fish 
recorded pelagicly was to make one pelagic hau1 close to the bottom (footrope about 3 m from 
the bottom) and one hau1 with the footrope about 30-40 m above the bottom both day and 
night. Accordingly the number of bottom tows had to be reduced to 1 or 2 during day and 
night. This procedure was generally followed after 3 April. During daytime, however, it 
becarne evident that when towing 40 m off bottom the fish rather effectively managed to 
escape below the trawl. Therefore most daytime pelagic hauls were made close to the bottom. 
The catches were sarnpled and measured foiiowing standard procedures for the purpose of 
calculating catch by 1 cm length groups for all species. 
The bottom trawl used was the standard bottom trawl used in Norwegian surveys in the 
Barents Sea, equipped with a rockhopper groundgear as described by Engås and Godnr (1989). 
The doors used were 6 m2, 1600 kg Vacoo doors. The doorspread was restncted to about 50 
m by attaching a 12 m long rope to the warps 150 m in front of the doors. The pelagic trawl 
("Åkra trawl") had a circumference of 486 m (152 meshes x 3200 mm) and a 24 mm cod end 
(Valdemarsen and Misund, 1994). 
Acoustic measurements were logged continuously. Most observations were made while towing 
or sailing along the trawl path. In addition, to obtain some general information on the fish 
distribution in the surroundings, acoustic surveys of an area approhately 5 by 5 nautical 
miles were made, including the position of the current meters and the towing path. Due to the 
trawling programme, mainly dusk and dawn periods were available for these mini surveys. 
Table 1 lists the surveys, and the grid applied for most of the surveys is shown in Fig. 3. Of the 
14 surveys, 3 were made during darkness and 2 during daylight. A Sirnrad EK500, 38 kHz 
echo sounder was used for acoustic measurements and the Bergen Echo Integrator (BEI) was 
used for post-processing (Knudsen 1995). The processed data (sA values) were stored with 0. l 
nautical mile horizontal and l O m vertical resolution. 
Stormy weather prevented the collection of biological data in the period fiom 26 March until l 
April. The current meters continued to record data during this period. 
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Environmental measurements 
Current and temperature data were coliected with an RCM4 current meters. The mooring was 
stationary and recorded in two depths, 5 and 50 m above the bottom. Speed, instantaneous 
direction and temperature were recorded in averages of 10 rninute intervals. The total speed 
represents the flow of water masses independent of diuection, while the East-West and North- 
South components of the current indicate changes in the transport in the respective directions. 
Since this study focuses on variation in the relation between bottom trawl catches and acoustic 
recordings we concentrated on the recordings of total speed closest to the bottom. 
Changes in light (@instein) were measured with a Li- 1000 data logger at 1 5 minute intervals. 
The trawl data were tested with Student's t-test for differences of means, and with the F-test 
for differences in standard deviation. Linear regression was used to test if there was a trend 
over time in the bottom trawl catches of cod and haddock, that i.e. if the slopes of the 
regression lines were significantly different tiom zero. 
To study variations in catch rates with regard to diumal or semidiurnal cycles, a correlation 
matrix was made. Total weight of each species per trawl station were related to mean values 
per trawl hau1 of light level, temperature, current speed, relative current direction as well as the 
acoustic values in the bottom and the pelagic channels. 
Time series analyses were conducted to study variations in the acoustic recordings. Due to 
missing vaiues in the stormy period, oniy data tiom 1 to 8 Apd were used. Since the current 
was measured with 10 rninute intervals, we used this time axis as a standard and interpolated 
the acoustic-recordii and light levels accordingiy. 
RESULTS 
Light. current and temperature 
Fig. 1 shows the measuremmts of light intensity at the surface as weil as temperature and 
current speed 5 m above the bottom. The light leve1 showed one main peak each day, and the 
maximum value increased continuously during the sampling period. 
The current speed showed two peaks during the 24 hour cycle (Fig. 1). Close to the bottom 
the water was transported at speeds of 0-20 cm s-l, while at 50 m higher up the current was 
1.5-2 times strenger. During the period of 26-29 March, with Westerly gales, the maximum 
values increased oniy siightiy whiie the minima increased Giom an average of 1 cm S-' to about 
10 cm s" compared to the rest of the period. 
The temperature was afFected by the gale with a reduction of 1-l.S°C during the stormy 
period. The temperatures close to the bottom were generdy lower than the ones 50 meters 
above the bottom. 
Acoustic observations and ~elaeic  trawl samding 
The acoustic values were highly variable. Fig. 2 shows the time sequence of values (1 nautical 
mile averages) for the whole period in the study area. A diumal pattern was evident. The 
highest vaiues were observed at the brightest time of the day, while the lowest values tended to 
occur around s u ~ s e  and sunset. In addition there is another, but considerably smailer peak in 
the acoustic values during night. 
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The peak in light intensity and the acoustic values seemed to increase during the sarnpiiig 
period, and to cancel out this long term effect the two data sets were log transformed. 
Examination of cycle duration and match between cycles were conducted on these data as well 
as fiom the recordiigs of the current. A time series analysis confirmed a 24 hour cycle for the 
light, a 12 hour cycle for the current and both a 12 hour and a 24 hour cycles for the acoustic 
vaiues. 
Table 3 shows that for all data the amustic values, both at the bottom and pelagic, have a 
positive correlation with the iight and a negative mrrelation with the current. If the data 
observed during the day are excluded fiom the analysis the correlation between acoustic values 
and the light becarne negative. The table presents results when the separation between bottom 
values and pelagic values are made at 10 m above bottom. Similar values were obtained when 
splitting at 30 m height. 
Most of the acoustical observations in Fig. 2 are fiom the bottom trawl towing path. One muld 
therefore suspect that diurnal variations in the sarnples could be caused by diurnal patterns in 
horizontal movements of fish in and out of this restricted area. The mini-surveys (Table 1 and 
Fig. 3) did not support such a theory. They indicated that low values at the trawl path were 
associated with low values in the surroundings and vice versa. There was a significant 
correlation between the values at the trawl path and the vaiues in the remaining survey area. 
The typical diurnai pattern seen on the echo-gram was scattered remrdiigs of fairly weak 
single fish echoes during darkness. These records were most dense close to the bottom and 
decreased gradually up to about 30-40 m above bottom. During the day, loose aggregations 
(mainly single fish traces) of larger fish were recorded at various depths, decreasing in density 
up to 100m above the bottom. The catch composition in pelagic hauls is given in Table 2. It 
shows a strong dorninance of large haddock during the day and a mixture of small haddock, 
small redfish and a few small cod during the night. Towing the ground rope 2-3 m above 
bottom and towing with the ground rope 30-40 m above the bottom generally gave the same 
species composition. This indicates that large haddock were the main contributors to the total 
acoustic values during, the day, while mainiv small specimen of haddock and redfish 
contributed at night. 
Bottom trawl catches 
During the sampling period the bottom trawl catches varied considerably (Fig. 2), but no 
simcant  long term trend over the experirnental period was found (? = 0.001). The total 
weight of the day catches was higher than the total night catches, but the diurnal variation was 
still relatively much lower than in the acoustic recordings. Haddock dominated over cod in the 
catches. Both haddock and redfish catches were significantly higher during the day than at 
night (Fig. 5 and 7). For cod, the day catches showed much higher variation than the 
corresponding night catches (Fig. 6) and there was no significant difference in catch rate 
between day and night. 
Bottom trawl catches of four different length groups of haddock indicates that during the night 
the smallest fishes decreases in the catches compared to the day catches (Fig. 8). In terms of 
relative changes between day and night catches, the two median length groups seemed to be 
fairly stable, while the largest fishes only were caught at day and then to a very small extent. 
All size groups of cod generally seemed to stay on the bottom both day and night, although 
some of the small cod were occasionally caught in the pelagic hauls at night (Fig. 9). For 
redfish the same diumal pattems as seen for haddock were observed (Fig. 10). 
8 1 
Proccedings of ilic 7"' RirssianMon~zgian S~ii~posiuxii: Gear Selcction and Sampling Gwrs 
A theoretical sn was calculated fiom the trawl catches as described by Aglen (1996). The 
calculated values were consistently higher than the acoustic values observed during towing. 
The comparison was made in the lowest 4 m echo integration interval which corresponds to 
the vertical opening of the bottom trawl. If the effective fishing width and TS-values applied in 
calculating the theoretical SA are unbiased. and if the effective fishing height of the trawl is 4 m, 
the difference between the theoretical SA calculated fiom the catch and the SA observed is an 
approximate estimate of the acoustic value lost due to the acoustic bottorn dead zone. Fig. 1 1 
shows this difference as percentage of theoretical SA calculated from the catch. The results 
indicate that in all but 3 cases more than 50 % of the acoustic value is lost. Even if we assume 
that the bottom trawl catches effectively all the fish in the water column (comparing with total 
observed acoustic value during the tow) there were still significant losses at all the night time 
stations. 
DISCUSSION 
Along the coast of Finnmark a residual current, the Norwegian Coastal current, comes from 
the Southwest and goes eastward into the Barents Sea (Midttun, 1989). In addition the tida1 
ellipse in this area is dominated by the East-West component of the current which undulates 
with a tida1 flow of 0-10 cm f1 (Gjevik et al., 1990). Current speed is a designation of the total 
transport of water masses per t i e  unit, regardless of direction. During this study, the current 
speed showed a fairly regular cycle of about 12 hours. A strong influence of the tide should 
theoretically result in a 12.4 hour cycle, which means that the peak in the current should be 
delayed by about 10 hours over a 10 day period. However, the time series analysis did not 
reveal such a clear delay. This could be due to westerly gale in the beginning of the sampling 
period but also the fact that the period of time was very short makes it difficult to disthguish 
between a 12 and a12.4 hour cycle. Anyway, in the sampling period, the peak in the current 
speed corresponds with the peak of light in the day-time as well as the drop of light at night. 
I When combining the information fiom bottom- and pelagic trawl sampling with the diumal 
patterns observed in the acoustic-recordings, it seems evident that the integrator values 
1 observed during the day are mainly fiom medium sized and l ~ h a d d o c k i F € h i i i @ T n i g h t  are fiom small haddock and redfish. Most of the medium size groups, which were observed in 
the bottom trawl catches, seemed to be hidden in the acoustic dead zone. This is in line with 
I the observation that when the fish lifled up fiom bottom dead zone during the day, the acoustic values increased in the bottom channel as well as in the pelagic area. Thus the main reason for 
the diurnal variation in the total integrator values were groups of fish which rnigrated up and 
I down fiom the acoustic dead zone. 
Comparison of observed SA values with those calculated fiom bottom trawl catches also 
conhm that fish missing in the pelagic zone tend to be in the acoustic dead zone. In addition, 
the two diurnal peaks in the acoustic values, could indicate that smaii and large fish (mainly 
haddock) conducted separate vertical migrations, altemating in opposite cycles. During the day 
large and medium size haddock were distniuted fiom the bottom and up to 100 m above the 
bottom, but tendiig to descend towards the bottom at night. On the other hand, small haddock 
and redfish lifted up fiorn bottom at night, while staying close to bottom during the day. 
Fish migrating vertically ofien are in a trade off situation where the increased predation risk of 
being pelagic, particularly for a smaii, non-schooling demersal fish, has to be balanced against 
the increased feeding opporhinity found in the upper water masses where the primary and 
secondary production takes place (Clark and Levi, 1988). For larger fish the predation risk is 
much lower and they can concentrate on rnaximising the food consumption. Consequently, 
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small haddock and redfish could adapt a strategy where they feed pelagicly during the hours of 
minimum illurnination when the predation risk is lowest. 
One other explanation of the two peaks in the acoustic values muld be that the diierent size 
groups of fish react dierently to increased current speeds. But then it should have been 
observed as a semi-diumal in stead of a diumal patten in the trawl catches. A diurnal variation 
in the catch efficiency of the trawl, decreasing with decreasing light intensity (Wardle, 1993) 
could, however have camouflaged a possible semi-diurnal pattern. 
The daylnight variation in bottom trawl haddock catches mainly seems to originate fiom the 
vertical migration, and thereby variation in availability for the bottom trawl of the smali fish, as 
discussed earlier. In addition there is a residual discrepancy between day and night catches of 
medium sized and large fish which might be ascribed to decreased catch efficiency at night. 
During the day the bottom trawl catches seem to give faUly reliable estimates of total 
abundance as well as size and species composition, while at night they seemingly tend to 
underestimate the density of all sine groups. 
To increase the reliability of the bottom trawl- and acoustic surveys, this study illustrates the 
need for treating day and night obsmations separately when calculating the total abundance. 
In addition the ratio between day time and night time effort should be fairly equal in different 
geographical strata and a combination of daytirne acoustic observations with night time catches 
and visa versa, should be avoided. Most of all the results underline the irnportance of finding 
correct methods for combining bottom trawl catches and acoustic values into interpolated 
density estimates. 
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Table 1 .  Results 
b 
S w e y  
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
GMT 
12-15 
19-22 
16-18 
19-24 
06-1 1 
15-17 
13-16 
16-18 
18-20 
17-19 
03-05 
17-19 
02-04 
06-09 
distance I mean SA of l SA at 
trawl position 
215 
122 
6 
40 
29 
81 
218 
7 
39 
26 
5 
18 
12 
85 
n. miles 
30 
34 
14 
43 
50 
27 
24 
23 
23 
26 
I 24 
24 
23 
26 
mean SA outside 
trawl position 
201 
87 
5 
71 
75 
23 
83 
15 
12 
27 
50 
20 
67 
112 
total m e y  
202 
88 
5 
71 
74 
25 
89 
14 
13 
27 
48 
20 
65 
111 
Table 2. Composition (Oh) of species and size groups as well as total catch in numbers 
pelagic hauls. The percentages are sorted according to daylnight and average distance of t1 
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Table 3. Correlation matrix for light, current speed 50 m above bottom and 5 m above bottom, 
temperature 50 m above bottom and 5 m above bottom, acoustic vaiues less than 10 m above 
bottom (Bot 10) and more than 10 m above bottom (PellO) and total acoustic values. Acoustic 
values and li&t are log transfonned and normalised for trend. The analysis is based on 
observations within 10 min. intervals for the period 1-7 April. 
Table 4. Correlation matrix for light, relative current direction (RdiuS), current speed and 
temperature 5 m above bottom, acoustic values less than 10 m above bottom (BotlO) and 
more than 10 m above bottom (Pe110) and catch weight of cod (CodW), haddock (HaddW) 
and total catch weight (TotW). The data are not transformed or nonnalised for trend. The 
analysis is based on observations within 20 min. intervals correspondiig to the bottom trawl 
hauls (N=34). 
Temperature (C* ) Currbnt speed (cm s-' ) Llght intensity (FE) 

- - 
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Fig. 3. Distribution of acoustic vaiues observed during mini surveys. The shading represent 
four levels of fish densities, increasing fiom light to dark: level 1 : SA vaiues between 1 and 49, 
leve1 2: sA values between 50 and 99, level 3 : SA values between 100 and 199,level4: sA values 
above 199. The survey grid is shown with the starting point indicated by a V. On the upper left 
panel the bottom trawl towing path is indicated by a short broken line and the pelagic by a 
parallel longer line. The x in the lower part of that panel is the position of the current meters. 
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Fig. 4. Acoustic density (sA per 10 m depth channel) averaged within hourly intervals for the 
whole period. The values are shown as isopleths. Tie of day is UTC. 
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Fig. 5. Haddock bottom trawl catches, standardised to numbers per nauticai mile, shown in a 
time scale. Asterix: stations fished during the day, filled circles: stations fished at night 
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Fig. 6.  Cod bottom trawl catches, standardised to numbers per nautical mile, shown in a time 
scaie. Asterix: stations fished during the day, fiiled circles: stations fished at night. 
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Fig. 7. Redfish bottom trawl catches, standardised to numbers per nautical mile, shown in a 
time scale. Asterix: stations fished during the day, filled circles: stations fished at night 
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Fig. 8. Haddock bottom trawl catches, standardised to numbers per nautical mile, by size 
group and station. X: stations fished at night. 
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Fig. 9. Cod bottom trawl catches, standardised to numbers per nautical mile, by size group and 
station. X: stations fished at night. 
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Fig. 10. Redfish bottom trawl catches, standardised to numbers per nautical mile, by size group 
and station. X: stations fished at night. 
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Fig. I 1 .  Dead zone loss by station. Loss is estimated as the difference between SA calculated 
from the bottom trawl catch and the observed acoustic value in the lower 4 m, expressed as 
percentage of the value calculated fiom the catch. 
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PINRO INVESTIGATIONS ON SELECTIVITY OF TRAWL 
CODENDS WITH DIFFERENT MESH SIZE IN RELATION 
WITH DEEPWATER REDFISH 
Polar Research Institute of Marine F i  and Oceanography (PINRO), 
6, Knipovich Street, 183763, Murmansk, Russia 
ABSTRACT 
Data on selectivity were obtained in Northeast aod Northwest Atlantic by means of 
rnidwater and bottom trawls with bagtype and ICES-type covers. Comparing deqmakr 
redfish retention in midwater trawls with &rent codead rnesh size within the Noithwest 
Atlantic it may be noied that the numbers of £i& held with mesh size raqge 88 to 137 mm 
fluctuaied from 52.8 to 3.1%. For boacwn trawls with mesh from 98 to 156 mm fish retenticm 
fluduated from 90.2 to 47.9% because of of fiadish preventiag redijsh £i-om escaping. 
ICES covers prevent deepwater redli& fiom clear escaping off die trawl codend, and b.gspe 
covers exercise much lower influence upon &h escapanent hm oodends. Calculaiions of 
profiis ficmi transition from 103 to 132 mm mesh size in deepwaier recKish nshery show, ihai a 
slight positive e& appears not d e r  7-10 years after mesh size changa. Total losses of catch 
aftermeshsizechangesinaiicaseswillnotbeconrpeiisatedduring 12-15years.Simikrresults 
were obiained h caidaiion of b& fjom fishery by midwater tralws with mesh more than 
90rnrninNAFODiv. 3~ .u i theumuigerSea ,d iere i smpoi tr t in f i s~~rednshby  
midwater trawis with mesh more than 120 mm, since under kny iotensity of fishety the p o s s k  
resuit will not be reached. 
Nowadays fisheries represent an important factor infiuencing biologid resources and, without due 
management, may lead to disastrous consequences. Regulatory measures for fishety are versatile 
and may include diverse demands and conditions l i t ing  and restraining fisheries within certain 
scientiically substantiated bounds. One of essentiai conditions for rational use of cornmercial fish 
stocks is selective fishery based on trawl codend minimum mesh size restriction, which makes it 
possible to limit catch of imrnature fish and to avoid an excessive excapement of large fish. 
Unfounded increase of permissible mesh size may cause loss of the practid sense of fisheries 
because of low fishenes efficiency. 
Scientific substatrtiation of optimal mesh size is based on both experhentai determination of trawl 
codend selectivity properties and determination of immediate and long term losses and profits 
brought by transition fiom one to another mesh si i .  
The optimal mesh s i i  should be regarded as one providimg maxitnum escapement of smail fish and 
minimum escapement of commercial <i fish. If the number of cornrnerciai s i i  fish escaped fkom a 
codend with a certain mesh siue surpasses considerably the number of relatively small fish, the 
9 4 
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efficiency of this mesh size use ought to be doubted. In any case, critenum of efticiency corning 
fiom transition to any new mesh size will be a vaiue of a long term profit for fishery. 
When determining minimum mesh s i i  in trawl codend for deepwater redfish fishery, the main 
difficulties are related to the lack of data on survival of fish escaping 6om a trawl during hauling. 
Some authors (Konstantinov, 1981; Konstantinov et ai., 1983) consider that fish escaped 6om a 
trawl when heaving up dies. The main ause of mortality is apparently connected with the change of 
hydrostatic pressure due to heaving up the trawl. The number of redfish escaping from a trawl when 
heaving up is 18-30 % (Lisovsky et al., 1995). 
The present paper s u m m e  PINRO data obtained during previous years by results fiom 
determination of trawl codends selectivity in relation with deepwater redfish of the North Atlantic, 
which were published by both ICES and NAF0 (ICNAF), as well as deals with some results which 
have not been published yet. 
MATERIAL AND METHODS 
Investigations were carried out by PINRO W - s  at the area of the Bear and the Spitsbergen 
Islands, in the Irminger Sea and the Northwest Atlantic during 1978- 1994. 
When conducting experhental works, selectivity properties of bottom and midwater trawl codends 
with actual mesh size fiom 88 to 154 mm were estimated, and a catcher infiuence on the character 
of fish escapement fiom codends was assessed. 
To determine selectivity of trawi codends, fish catchers having smaller mesh s i i  and so retaining 
fish escaped through codend mesh were used. Both ICES covers iixed only to the upper surface of 
the codend and bagtype covers enveloping trawl codend at each side were used. Design of fish 
catchers provided fkfish 6ee passage $o& trawl codend and the repeated retention in the catcher. 
The catcher iduence on fish escapement fiom a codend was estimated by comparison between size 
series and proportion of fish size groups fiom separate hauls series usig codends with a cover and 
codends with a blinder. i 
Advantages and losses of catches caused by mesh suR changes were calculated usmg both 
Beverton-Holt and Gulland methods. The main principais of the above methods are presented in the 
monograph of Treschev (1 974). 
The paper uses data f?om both published previously papers (Ivanova, 1979; Konstantinov et al., 
1983; Nikeshin et al., 1981; Konstantinov et al., 1982; Kondratyuk et al., 1988; Gorchinsky et al., 
1993; Lisovsky et al., 1994) and materials, which have not been published previously, concerning 
trawl codends selectivity in relation with deepwater redfish. 
When conducting expenmental works cornmercial trawls were used. The trawlings were made 6om 
vessels with the main engine powered 1 500- 1700 kw. 
Trawl codends of kapron and of resulting density 2 x 5.7 kTex (2 x 3.1 mm) were used when 
studying selectivity. 
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Materials obtained during experimental trawlings in the Northeast and the Northwest Atlantic and in 
the Irminger Sea are presented in Tables 1,2 and 3, respectivdy. Totally 26 series of valid trawiings 
were exarnined, includig 15 ones in the Northwest Atlantic, 8 in the Barents Sea, and 3 in the 
Irminger Sea. Size series moda ranged fiom 25-30 cm to 35-38 an, and the mean weight of fish 
caught - fiom 0.28 to 0.55 kg. Mean len@ of fish caught in the Northwest and in the Northeast 
Atlantic was almost the same. Majority of tests were conducted using the ICES cover. Seiectivity 
coefficient for codends rigged with that type of cover ranged fiom 1.7 to 2.4. In many cases , 
selectivity coefficient determination failed as according to the results fiom the experimental works, 
retention of all size fish was above 50%. In this case seledvity coefficients are given for the fish 
length corresponding to 75 % of retention. Due to the same reason, Tables 1 and 2 do not present 
selectivity range in many cases. 
It should be noted that in all cases the bagtype cover show much lower retention of fish (icluded 
large fish) than the ICES cover. This proves an important d& on fish escapement fiom a trawl 
codend that is caused by the ICES cover. 
Length range of fish escaped throught mesh s i d  fiom 88 to 156 mm includes alrnost the whole 
range of fish caught. For instance, for the 88 mm mesh it made up fiom 14 to 40 cm, for 134 mm 
mesh - fiom 17 to 44 cm and for 156 mm mesh - fiom 22 to 42 cm, i.e. fish fiom the total length 
range of fish caught may escape through trawl codend mesh. 
In December 1991 investigations to assess the number of fish escaping fiom trawl codend with 
mesh siie 128 mm during heaving up the trawl were carried out. The investigations showed that 18 
to 30% of total arnount of fish, escaping when trawling, escape during the heaving up of a trawl. As 
far as it is revealed that redfish are very sensitive to rapid changes of hydrostatic pressure, there are 
pre-conditions that those redfish will die (Konstanthov, 1981; Konstanthov et al., 1993). 
DISCUSSION 
The redfish fiom both the Northeast and the Northwest Atlantic have the same girth when their 
length is identical (Konstanthov et al., 1983). This fact makes the basis to extend, as a first 
approximation, selectivity data to both areas. 
When conducting investigations, selectivity coefficient fluctuated fiom 1.7 to 2.9. These fluctuations 
are conditioned primarily by a trawl type. In all cases the midwater trawls proved to be more 
selective than the bottom trawls did. Type of cover idluenced much the fish retention. Apparedy, 
the ICES cover produces a greater "masking e M  than the bagtype cover does. Evidently, in 
order to check the value of the "masking &m", the selectivity should be estimated usiig another 
inethod, for instance, the method of alternative hauls. 
When using available selectivity materials, data obtained by bagtype cover should be preferred. 
Comparing deepwater redfish retention in midwater trawls with different codend mesh size within 
the Northwest Atlantic it may be noted that the numbers of fish held with mesh of 88, 118, 124, 
126, 132 and 137 mm are 52.8, 24.0, 28.5, 12.7, 10.0 and 3.1%, correspondingly. For bottom 
trawls with mesh fiom 98 to 156 mm fish retention fluctuated fiom 90.2 to 47.9%. It was probably 
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conditioned by bycatches of flatfishes, which could close the mesh and prevent redfish from 
escaping. 
Specimens from 25 to 32 cm long make the most part of catches (more than 50%), and fish longer 
32 cm make up 19.5-46.5 % of catches (Tabie 4). Trawl codends with mesh larger 98 cm tend to 
reduce retention of fish fiom all s i  groups. It d be noted that s i i  composition of beaked r d s h  
in catches with mesh size 133 mm differs slightly fiom that with mesh s i  88 mm. 
Deepwater redfish escapement fiom trawl codends with mesh s i i  88 to 133 mm includes 
practicdy the whole length range of fish caught. Only insignificant group of fish fiom 41 to 47 cm 
long, total amount of which in catches makes up about 5-8 %, is unaffected by sifting out. Majority 
of fish escaped are longer 25 cm, which makes the basis of fishery. The number of this length fish 
among escaped specimens ranges fiom 42 to 92%. 
In the Barents Sea. the selectivity of only bottom trawls has been investigated. Materials obtained 
wvith ICES cover comesponds fiilly to those fiom Northwest Atlantic. Retention of redfish in a 
codend with mesh size 114 to 126 mm varied fiom 94.7 to 70.0%. Retention of fish by codend 
rigged with a bagtype cover was lower to compare with ICES type cover and varied h m  6 1 .O to 
9.4%. To our opinion, so large fluctuations of retention are caused by bycatches of flaffishes by 
bottom trawls. 
In the Irminger Sea, the selectivity of only midwater trawls has been investigated. During 
investigations, redfish 28 to 46 cm long at length moda 35-38 cm were caught. Fish of 40, 44 and 
45 cm long escaped fiom codend with mesh s i  104, 130 and 140 mm, correspondiiy. 
Escapement constituted 3.4,32.1 and 42.8% by nurnber. 
Caiculations of benefits and losses of catches done for bottom trawls (Konstantinov, 1981; 
Konstantinov et al., 1983) show that any increase of mesh size higher than 100 mm for bottom 
s m the -0rthwest 
positive result (Fig. 1, 2 and 3). Annual catches by bottom trawls during 5-12 years after the 
increase of a mesh size are lower than those obtained by mesh less than 98 mm. A small positive 
result after 7-1 2 years does not compensate in 15-20 years the losses caused by the increase of a 
mesh size. 
In the Irminger Sea, any increase higher than 120 mm will not lead to the positive result during 15 
years (Tables 5 and 6) (Kondratyuk et al., 1988). During the fishery for redfish by rnidwater trawls 
in the NAF0 Div. 3N, any increase of a mesh size higher than 88 mm will not give a sufficient 
benefit (Blinov, 1981; Lisovsky et al., 1995) (Fig. 4 and 5). When increasing mesh size fiom 88 to 
l 18 and 132 mm, the benefit of fishery during the transitional period of 10 years will constitute fiom 
0.9 to 9.7%, and during transiional period of 15 years it will fluctuate fiom 5.6 to 11.5 % in 
dependence on the intensity of fishery. 
The change to fishery for redfish by bottom trawls with mesh size more than 100 mm, by midwater 
tra~vls in the Irminger Sea - more than 120 mm and by midwater trawls in Div. 3N - more than 90 
mm wiil cause the reduction of fishing efficiency. To reach TAC, it will be necessary to increase the 
fishing efficiency, that will cause the repeated catch of small redfish and, comespondingly, their 
escapement though the mesh and possible traumatic death of fish escaped fiom a codend when 
heaving up because of a quick change of hydrostatic pressure. 
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CONCLUSION 
ICES covers prevent deepwater redfish fiom clear escaping off the trawl codend. Bagtype covers, 
enveloping a trawl codend and coming 40-45 cm behind it, exercise much lower iduence upon fish 
escapement fiom codends. 
Bottom trawls codends selectivity is much lower than that for midwater trawls. It is conditioned by 
bottom trawls bycatches of flatfishes, which close trawl codends mesh and prevent small fish fiom 
escaping. 
Length range of fish both held and sified out by trawl codend is almost equal. Only 40-50 cm long 
fish whicli makes up about 5-8 % in catches obtained within both the Northwest and the Northeast 
Atlantic, does not escape.Majority of fish escaped are at age 8-9 and older, longer 25 cm, i-e. they 
are of the same length and age as the fish retained in trawl codends and making the basis of fisheries. 
This size fish made up 65-95 % of fish number escaped fiom codends with mesh of 88-134 mm. 
The number of mature individuals longer 32 cm sif€ed out fkom trawl codends rises from 1% for 98 
mm mesh to 16% for 133 mm. So, increase in mesh size fiom 88 to 134 mm causes important 
losses in catches at expense of escapement of fish longer 25 cm which are important fiom the point 
of view of fisheries. It will lead to the necessity to augrnent fishing efforts in order to exhaust 
quotas. This increase in efforts wiil make up 25,47 and 157% for mesh of 119, 124 and 133 mm, 
respectively. Increase in fishing efforts to exhaust the quota wiU make more possible repeated 
escapement of redfish through trawl nets and their death caused by injuries obtained whde escaping 
during heaving up the trawl and probably during trawiing. All this d l  augment m o d t y  of 
deepwater redfish and a m t  their stocks. 
Calculations of profits fiom transition fiom 103 to 132 mm mesh s i i  in deepwater redfish fishq 
show, that a slight positive effect ap- not earlier 7-10 years &er mesh s i i  changes. Total 
losses of catch &er mesh size changes in aii cases will not be compensated during 12-1 5 years. It 
should be taken into consideration that calculations do not cover probable m o d t y  of deepwatw 
- - 
redfish connected with escapement fiom trawl codends. - 
In the Inninger Sea, there is no point in fishery for redfish by midwater trawls with mesh more than 
120 mm, since under any intensity of fishery the possitive result will not be reached. 
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Table 1. Results from investigations on determination of seleetivity of trawl bags with different 
rnesh size in relation witl 
Name of vessel 
Inner bag mesh s d ,  mm 
Type of cover 
Number of fish I In bag 
Size series mode. cm 
Mean weight Retained 
of one spec., Escaped 
kg I CaUght 
Mean length of fish.cm 
Retention by number, % 
Selectivi- coeflicient 
1 Selstivity range. cm 
redfish, arried out in the Barents Sea. 
"Krenomeir" 1 "Menzelinskn I "Zemli 
121 1 J23 1 126 1 124 1 133 1 12 
ICES I Bagtype 
Table 3. Characteristics of trawl bags used for deepwater redfish fishery in the Irminger Sea. 
Mesh size. mm 40 104 130 140 
Minimum length of fisli caught. cm 28 29 28 29 
Masimuin length of fish caughl. c111 46 45 46 45 
Length mode of fish caught. cm 35-38 35-38 35-38 35-38 
Maximum length of fisli in cover. cm 40 44 43 
Number of escapcd fisli. % 3.4 32.1 42.8 
Selecti\.ity coeficieni - Ks75Y~3.0 2.6 2.5 
Selecti\.i' rangc - - 5.8 6.6 
Table 2. Results from investigations on determination of sel ctivity of trawl bags with different mesh size in relation with redfish, carried out in tne 
Northwest Atlancic. 
l 
Narne of vessel* 
Inner mesh size in codend, mm 
Type of trawl 
Type of cover 
Working area 
Notes: * The narnes of vessels are as follows: S. - "buloy", K. - "Kononov", M. - "Menzelinsk", V. - "Vilnius", Vg. - "Vaigach". 
S. I K. 
98 1 119 
bottom trawl 
Number of fish 
in the catch, 
spec. 
Length range 
of fish, 
cm 
Mean ~veight 
of one spec., 
kg 
* * Method testing of selectivity - alternative 
ICES 
2H 
21278 
2322 
23628 
1843 
1440 
1445 
0.440 
0.225 
0.420 
30.6 
30-32 
90.2 
&75% 
2.2 
Incodend 
In cover, 
Total 
retained 
escaped 
caught 
retained 
escaped 
caught 
"rawling. 
M. 
124 
midwater 
trawl 
Baptvpe 
3M,3N 
46974 
117937 
154911 
2247 
2240 
2247 
0.350 
0.190 
0.230 
28.8 
30; 35 
28.5 
2.4 
8.4 
ICES 
3M 
6117 
3060 
9179 
19-52 
4 4 5  
14-52 
0.660 
0.340 
0.550 
33.2 
35-37 
66.7 
2.4 
8.0 
Mean length of one spec. of 
caught fish, cm 
Size series mode of caught fish, 
cm 
Retention by number, % 
Selectivity coefficient 
Selectivity range, cm 
s . 1 1  S. I M. I M. I M . I M . I M . 1  V. ] V .  
125 1 1  127 1 127 1 133 1 134 1 133 1 156 1 126 1 137 
bottom trawl 
ICES 
2H 
20778 
8977 
Vg. 
88 1 118 1 1 3 2  
midwater trawl 
wlc 
3M 
28056 
12133 
29755, 
:g$ 
2048 
0.510 
0.270 
0.470 
31.8 
32 
69.8 1 
1.8 
I 
3N 
12767 
11412 
ICES 
3M 
88049 
15501 
24179 
1745 
15-34 
15-45 
0.294 
0.149 
0.224 
27.2 
18-20; 
23-29 
52.8 
2.8 
4.4 
40189 
2248 
2145 
2148 
0.490 
0.350 
0.450 
31.3 
32-35 
69.8 
1.9 
Bagtype ICES 
3M 
53415 
10641 
3N 
2144 
6784 
8928 
1747 
16-39 
1647 
0.328 
0.189 
0.225 
27.8 
18-20; 
23-29 
24.0 
2.5 
6.6 
103550 
2247 
2141 
2147 
0.950 
0.430 
0.530 
33.5 
31-36 
85.1 
Ks75% 
2.1 
3N 
2119 
18073 
20192 
16-45 
l 6 4 3  
16-45 
0.351 
0.205 
0.220 
28.9 
18-20; 
23-29 
10.0 
2.6 
9.0 
wlc** 
3M 
28271 
30807 
64056 
2146 
2143 
21-46 
0.510 
0.410 
0.500 
32.6 
31-32; 
35-36 
83.4 
Ks75% 
2.0 
ICES 
3L 
46349 
21640 
59078 
2249 
2040 
2049 
0.330 
0.236 
0.259 
28.1 
27-28 
47.9 
2.00 
ICES 
3M 
21131 
10391 
67989 
17-50 
21-47 
17-50 
0.504 
0.389 
0.470 
31.9 
27-30 
68.2 
1.8 
3M 
2948 
20222 
31522 
2144 
2242 
2144 
0.550 
0.450 
0.510 
33.0 
31-36 
67.0 
1.7 
Bagtwe 
3M 
557 
17133 
23170 
2143 
14-38 
1443 
0.437 
0.294 
0.312 
31.2 
23-26; 
29-32 
12.7 
2.9 
5.6 
17690 
2446 
1440 
1446 
0.497 
0.282 
0.289 
33.1 
24-30 
3.1 
2.9 
4.3 
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Table 4. Content of deepwater redfish size groups in trawl codend and cover with different 
In tra1t.l codend 1 c25 12.2 6.9 1.6 9.5 0.8 0.7 
25~1.32 68.3 58.6 52.0 84.8 54.1 52.8 
l > 32 19.5 34.5 45.5 5.7 45.1 46.5 
mesh in trawl codend. 
111 cover 
Number of fish, %, wvith mesh size, mm 
88 1 98 1 119 1 124 1 134 1 133 
Place of fisli 
retantion 
Table 6. Effect fiom the increase of mesh size fiom 120 mm to 140 mm at different intensivity 
Fisli length, 
cm 
Table 5 .  Effect from the increase of mesh size fiom 120 mm to 130 mm at different intensivity 
o f  fishing for deepwater redfish, % 
o f  fishine for demwater redfish. % 
Year of 
fishing 
Year of Intensivity of fishing 
fishing 0.15 1 0.20 I 0.25 I 0.30 I 0.35 
Intensivity of fishing 
0.15 1 0.20 I 0.25 I 0.30 1 0.35 
l -16.8 -16.8 -16.8 -16.8 -16.8 
2 -16.8 -16.8 -16.8 -16.8 -16.8 
3 -16.7 -16.7 -16.7 -16.7 -16.7 
4 -16.5 -16.4 -16.4 -16.4 -16.4 
5 -15.8 -15.7 -15.6 -15.6 -15.5 
6 -15.0 -14.8 -14.7 -14.6 -14.5 
7 -14.0 -13.7 -13.4 -13.3 -13.1 
8 -12.4 -1 1.9 -1 1.5 -1 1.3 -11.1 
9 -10.4 -9.7 -9.2 -8.8 -8.5 
10 -8.7 -7.8 -7.2 -6.7 -6.3 
1 1  -7.5 -6.4 -5.7 -5.1 -4.7 
12 -6.7 -5.6 4.7 4.1 -3.7 
13 -6.2 -5.0 -4.2 -3.5 -3.0 
14 -6.0 -4-8 -4.0 -3.3 -2.8 
15 -6.0 -4.8 -3.9 -3.3 -2.8 
101 
P r d i n g s  or tlic 7Ih RussianMomgian Symposium: Gear Selection and Sampling Gears 
Fig. l .Longtime effect d(%) of changing 103mm for 1 14mm mesh size in deepwater redfish 
fisheries. 
Fig.2.Longtime effect d(%) of changing 114rnrn for I23mm mesh size in deepwater redfish 
fisheries. 
1 3 5 7 9 PERK)D,YEARS 
Fig.3.Longtime effect d(%) of changing 123mm for 132mrn mesh size in deepwater redfish 
fisheries. 
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Fig.4. Long time effect (d) of variable mesh size fiom 88 mm to 118 mm and different f ishg 
mortahty rate of deepwater redkb Mety in NAFO Div. 3N 
1 3 5 7 g 11 Period, yean 
Fig.5. Long time efkct (d) of variable mesh size fiom 88 mm to 132 mm and different & h g  
mortality rate of deepwater redfish Wery h NAFO Div. 3N 
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ESTIMATION OF DAMAGE TO CONCENTRATIONS OF ICELANDIC 
SCALLOP (Clrlamys islandica) FROM BOTTOM TRAWLINGS 
P. N. Zolotarev 
Polar Research Institute of Marine Fisheries and Oceanography (PINRO), 
6, Knipovich Street, 183763, Murmansk, Russia 
ABSTRACT 
The bottorn trawl fishery cases a great damage to settlments of Islandic scallops. About 4 t 
of scallop are traurnatized per 1 t fish caught. Therefore it is necessary to prohibit the 
bottom fishety in the areas of commercial scallop concentrations. 
INTRODUCTION 
The commercial concentration of Icelandic scallop (Chlamys islattdica) is located on the silt or 
sand grounds in the southeastern Barents Sea. Russian fisheries for scallop has been conducted 
in the area of the St. Nose Cape since 1990. Scallops are harvested and processed by large- 
tonnage vessels. The bottom trawl fishery is also carried out in this area. 
It is known that during fishery a big number of bottom fauna is traumatized by trawling fishing 
gear (bottom trawls and drags). On the basis of information available in PINRO, an attempt 
was done to estimate a damage to the scallop concentration from the trawl fishery for fish. 
MATERIAL AND METHODS 
To estimate the infiuence of trawl fishery for marine organisms on the scallop concentration 
nearby the St. Nose Cape, the information of fishing vessels on catches and duration of hauls 
by fish species during various periods, as well as publicated data on the influence of fishing 
gear on the bottom fauna have been used. 
D u e  to&akovkv-( 1-991 -verage hobntal-opnirig o£-bottom-trawls med during- fiskery- 
in the Barents Sea is 21- m, the trawling speed is 3.23.32 knots, duration of one trawiing is 
2.2 hours. The square of one hour trawling is 1072800650 m2. Total square of the bottom 
trawled over was calculated as a product of the trawled square per 1 hour by duration of 
A fishing operations. 
There are no published data on traumatizing of scdop during bottom trawlings. In some 
papers when estimating damage to the bottom community of the Barents Sea, a total vaiue of 
withdrawn and dead epi-benthos during fishing by bottom trawls in the area, trawled once, was 
accepted as 15% (Denisenko et ai., 1990; Denisenko and Denisenko, 1991). In connection 
with this, we also have accepted a portion of traumatized scallop on a trawling area as 15%. 
Due to data obtained during 525 searching draggings in the area of the St. Nose Cape scailop 
settlement in 1991 -1 995, the average speed of vessel's dragging during scallop fishery reached 
3 .9314  knots. The fishing square per minute of dragging for a drag of 5 m width was 
605117 m2, for a drag of 2.5 m width - 340420 m2, and catches was 284229 and 75.224.7 kg 
correspondingly. Since draggings were carried out by vessels using usual fishing gear and 
methods of scallops harvesting, we suggest that this information defines the fishery quite 
accurately. The dragged square of the bottom was calculated as follows: 
Sd, = V-nd W / W1 , 
where W - a total catch of scallops per year; Wi - mean catch of scallops per one dragging; 
V,, - mean speed of dragging; d - width of dragging. 
The negative influence of uncontrolled fishery for scallops is well known (Aschan, 1988; 
P r d i n g s  of tlie 7"' RussiadNorwegian Symposium: Gear Selection and Sampling Gears 
Mason et al., 1979; Naidu, 1988). The minimum portion of traumatized molluscs during 
dragging is estimated at 5% of the abundance of uncaught specimens (Murawsky and Serchuk, 
1989). Maximum value obtained by Gruffid (1972) for settlement5 of Pecten maximus reaches 
40%. To estimate the anticipated mortality of moluscs on the coastal Seven Islands' 
population, Denisenko (1989) used a maximum level of traumatizing of moluscs during 
dragging. We have used the same value because of the absence of directed observations. 
RESULTS AND DISCUSSION 
The concentration of Icelandic scallop in the St. Nose Cape area is located within the depth 
range of 80- 120 m on four subareas (Fig. 1). The square covered with the concentration is 
about 800 km2, and the total stock of scallops is 830 thou-t due to data for 1995. The 
estimated square of areas suitable for dragging is 376 km2, and scalop stock on it is 488 
th0u.t. A commercial stock of molluscs with the height of shell 8 cm and more was estimated 
at 446 th0u.t. Mean biomass of scallops in the concentration is 1044 g/m2, and on the fishing 
ground - 1300 g/m2 (Bliznichenko et ai., 1995). 
Scallops were harvested in all areas during all seasons except the period of reproduction (since 
tlie 1st of May til1 the 30th of June). The square of the dragged bottom reached 6-20 km2, 
wliereas the biomass of traumatized scallops - 1.2-5.3 th0u.t per year (Table 1). 
Table 1. Main data on fisheries for fisb and scallops in 
damage due to it in 1990- 1996. 
I I Catch, t I Period, hours I Years I I 
trawling dragging 
O 142.8 
1e area of St. Nose settlement and estimation of 
Area, km2 I Biomass of scallop I 
Fishing is carried out within the whole area of scallop concentration mainly in auturnn. In 
1990- 1992, the intensity of fisheries was not high. It has increased in 1993- 1996, and fish catch 
was 2-5 thou-t per year. The western, central and northeastern areas were the most infiuenced 
by trawl fishery. As shown in Table 1 the trawled square can exceed 500 km2, more than 90 
th0u.t of scallops can be traumatized includng 90% during trawlings. 
trawled 
5.6 
Underwater TV observations on subsequences of fishery has revealed the fact that molluscs 
traumatized by fishing gear are actively consumed by fish and invertebrates (Caddy, 1968; 
McLoughlin et al., 1991; Murawsky and Serchuk, 1989). This is proved by investigations of 
feeding of cod and haddock carried out by PINR0 in the area of the St. Nose settlement in 
1993 and 1995. The frequency of occurrence of scallop soR tissues in fish stomachs in 
September and October 1995 was 75% and 86%, correspondingly. A portion of scallops in a 
food bolus reached 80% under total rate of stomach fullness of 220-350%00 (weight of 
stomach content related to fish weight and multiplied by 1000). Volume of scallop soft tissues 
consumed by fish for those two months is equivalent to 12.8 th0u.t of alive molluscs. Sirnilar 
indices were in 1993 (the expert estimation of scaliop consumption by cod and haddock in the 
area of the St. Nose settlement in SeptemberIOctober 1995 has been carried out by 
Gerasimova by data of Dolgov and Lysy). Since these fish species can consume only 
traumatized scallops, one can use the obtained data for quantitative estimation of traumatizing 
of scallops by fishing gear. Besides fish, stariish consume scallops as well, and at first they 
dragged 
6.0 
trawling 
877 
draggmg 
1200 
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consume the traumatized molluscs. It allows to assume that during the fishery the traumatized 
scallops were a basis for starfish feeding in that area. 
The most numerous starfish species in the area of concentration were Asterias rubetis, 
Oossas~er pappoms and Solairier endeca. It is typical that in recent years their abundance 
increased sufficiently, especially of Asterias rubens. The total biomass of starfish in 1995 was 
estimated by drag survey as 32 th0u.t (Asterias 23.7 thou-t, Crossasfer 7.3 th0u.t and Solaster 
1.4 t1iou.t). It is known that a year ration of food consumption for Asterias mbens is 4.7 times 
higher than their biomass (Beer, 1979). Ration of other species of starlish is not known. If to 
assume that it is similar to that of Asterias mbens, the year ration of all starfish species in the 
area of concentration is 152 thou.t, including 10 th0u.t in the area of fishery for two months. 
The total volume of consumption of traumatized scallops by fish and invertebrates in August- 
September 1995 could reach 22.8 thou-t. 
The additional resource of scallop soft tissues for fish feeding was discharged waste of scallop 
processing. In SeptemberIOctober 1995, catch of scallops was 1756 t, and 200 t of which were 
meat. The weight of waste soft tissues was about 400 t that was equal to 1200 t of biomass of 
alive scallops. If we exclude this value from total volume of scallop consumption by fish and 
invertebrates, we obtain that the volume of traumatized scallops during fishing in 
August/September 1995 was 2 1.6 th0u.t. 
So, it is seen that the volume of scallop consumption by fish and invertebrates is 2 times less 
than a biomass of traumatized molluscs calculated by published data on the influence of fishing 
gear. To our opinion, it is caused by too high portion of traumatized scallops accepted for 
calculation on the basis of published data. 
Assuming the scallop mortality leve1 fiom dragging as maximum (40%), the biomass of 
traumatized scallops during harvesting for them in SeptemberIOctober 1995 was 1 190 t. The 
rest 20,4 th0u.t should be ascribed to the traumatizing during trawlings. In average, 68 g/m2 of 
scailops or 6,5% of their mean biomass for the whole settlement were traumatized during 
l bottom trawlings. In 1995, 80% of the annual biomass of traumatized scaUops were caused by the trawl fishery. Catch of 1 t of fish was accompanied by traumatizing of at least 4 t of 
s c d h ~ - h e f i ~ s t - s i ~ f :  a g r e a t ~ m o ~ ~ ~ p s h i t v  akead~bees1obsemed - 
1 the increase of a portion of demolished molluscs valves and a sufficient increase of starfish abundance. It is evident that a stable fishery for scallops in the area of concentration is 
impossible without the reduction of unforeseen fishing mortality. The concentration of scallops 
i in the St. Nose Cape area in the Barents Sea is a unique one, whereas the fishery for fish species is possible all over the sea. Fishing in the area of concentration is even camed out in 
the period prohibited for scallops harvesting. In connection with this, it is necessary to prohibit 
a trawl fishery in the area of the scailop concentration. 
CONCLUSIONS 
The bottom trawl fishery infiuences negatively the status of Icelandic scallop concentration 
increasing its mortality. The catch of 1 t of fish is accompanied with the traumatizing of at least 
4 t of scallops. The biomass of scallops damaged by the trawl fishery in 1995 three times 
exceeded its catch. To protect scallops stock, it is expedient to prohibit the bottom fishery in 
the area of commercial scallop concentration close to the St. Nose Cape. 
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Fig. 1. Location of Icelandic s d o p  
settlements in the St. Nose Cape area: 
1 - settlment near the Savikha Inlet; 
2 - western settlement, 
3 - central settlement, 
4 - south-eastern settlement, 
5 - north-eastern settlement 
(Bliznichenko et al., 1995). 
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RELATIVE SELECTIVITY IN TRAWLS, LONGLINE AND GILLNETS 
ON GREENLAND HALIBUT 
I.HUS~',  ~ . ~ e d r e a a s '  and  undersen sen^ 
1 Institute of Marine Research, P 0  Box 1870, N-5024 Bergen, Nonvay 
More Research, Section of Fisheries, P0 Box 5075, N-602 1 Ålesund, Nonvay 
ABSTRACT 
Selectivity parameters for Greenland halibut (Reinhardtius hippoglossoides, Walbaum) 
are compared to catches reported fiom trawl, gillnets and longline in the Norwegian 
scientific fisheries for Greenland halibut. A trouser trawl selectivity experiment reported 
here gives an L50 at 43 cm in 135 mm codend. A selectivity analysis of the gillnets using 
loglinear models is done, and show maximum retention probability for lengths at 40.6 - 
63.8 cm for the five mesh-sizes used. The effect of the fishiig strategy is analysed in 
respect to the selectivity of the gear used and the diskibution of length and age in the 
catches. To avoid possible bias from strong dominating yearclasses and selection in these 
comparisons, length-at-age data are used. The sex-ratio in gillnet catches is shown to be a 
linear fiinction of meshsize. Our data show no trend in length distribution with depth. We 
show that calculated growth of female Greenland halibut is affected by the selectivity of 
the gears. It is shown that growth parameters calculated fiom gillnet catches may be biased 
due to the selection properties in the gillnets. These analyses will provide a better 
understanding of possible sarnpling bias when sampling a stock with only one gear. 
-mTY9Zthe f i s h ~ I O r ~ ~ A C t r  ~EGreenlZid-h~libutin m 
have been strictly regulated and all direct fishing by trawl and vessels longer than 28 m long is 
banned. These restrictions have been invoked after the stock showed several signs of 
recmitment failure and over-exploitation. Selectivity analyses for all commercial gears usually 
used in this fisheries is important in a period of rebuilding the stock and hopefilly later 
reopening the fisheries of Greenland halibut. To ensure time-series data on comrnercial gears, a 
restricted scientific fishing has been conducted every year by fishing boats under contract with 
the Institute of Marine Research. Calculations of yield per recmit and maximum sustainable 
yield is affected by the growth parameters used. Results from cod (Huse et al. 1996) shows 
that the calculations of growth parameters is afFected by the selection of the gears used for 
sampling procedures. To analyse if this effect is significant for Greenland halibut, the data from 
the scientific fishery is analysed here. 
In addition to the catch-comparisons analyses we carried out a selectivity experiment for 
Greenland halibut for the cornmercial trawl used. In the scientific survey a 100 mm bag is used 
in the predestined stations for the trawler, while the minimum legal meshsize in this area is 135 
mm. Attempts to estimate the selectivity in the commercial trawls used in this fishery was first 
done by Nedreaas (1991) by comparing length distributions in the Greenland halibut fisheries 
and the trawl fishery for shrimp. A cover codend selectivity experiment for 130 mm codend (de 
Cardenas el al., 1995) shows the L50 for 1 hour hauk to be 38.7 cm and a selection range of 
7.5 cm. Selectivity experiments with trouser trawl was conducted in ICES Division IIb in 
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August 1995 (Huse and Nedreaas, 1995) but few small Greenland halibut was found, and the 
estimates were not statistically satisfjing. In this paper a trawl seleetivity experiment done in 
September 1996 is presented. 
For estimating the selectivity in gillnets we used the data 6om the scientific fisheries in 1994. 
METHODS 
Catch cornaarisons 
The trawl catches used for the comparisons with 
gillnets and longline were collected at the 
contracted scientific fishing for Greenland halibut in 
1994. These data were chosen because of the 
overlap in depth between the stations fished with 
different fishing gears and the wide depth-range 
covered by the trawl. 
In this scientific fisheries in August-September 
1994 the trawler fished at predestined locations in a 
stratified trawl survey in the depth range 5 10-1420 
m. The stations are situated along the continental 
slope from the northern part of Norway to the 
northern part of Svalbard (Fig 1). The trawler made 
a total of 153 hauls. In the analyses presented here 
we used the stations between 72" and 76" N latitude 
where the overlap between the gears was best. In 
this area the trawler made 70 hauls. A gillnetter and 
aionglirrer fish-ed- in-tIiisarea-at-the:-411rn&e-as- 
described by Nedreaas and Sæverud (1994). The 
gillnetter fished a total of 149 fleets with diierent 
meshsiies (5 fleets of 140mm stretched mesh, 1 of 
160 mm, 8 of 180 mm, 40 of 200 mm and 76 fleets 
of 220 mm). In this paper we will denote the 
meshes of the gillnets as the bar-length, and thus 
the range of gillnet sizes will be 70-1 10 mm. The 
longliner made a total of 71 settings during the 8 
Fig. 1. Area investigated. Depth days of fishing, wetting more than 335 3 10 hooks. 
contours are 200, 500, 1000 and In the scientific fishery a representative sarnple of 
2000 m. Numbers indicate different ca. 250 fish is measured at each station. In every 
Norwegian statistical areas. second station a length-stratified sub-sample was 
age, sex and maturity determined. 
The statistical analysis is made in SAS, using GLM and NLIN (SAS Institute Inc., 1989). The 
GLM-procedure uses the method of least squares to fit general linear models. For unbalanced 
data this is the best way to perform ANOVA with the model stated as: dependent variable = 
independents effects with or without interaction effects (factorial model). The NLIN procedure 
is used for the computation of the von Bertalanf@'s equation. 
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Trawl selectivity 
A factory trawler (60.5 m, 4000 Bhp) was chartered for the trawl selectivity investigation. The 
selectivity experiments were conducted during a survey north of Svalbard in September 1996. 
The trawl used was a Alfredo no.3 with twin codend and rockhopper gear as used in 
commerciai fishing, rigged with Tyboroen doors (3200 kg), and monitored by Scanrnar 
sensors. The codend was in knotless ultracross material, and the meshsize was 136 mm in the 
experimental codend. The trouser trawl method was used for the selectivity experiments, and a 
vertical panel was mounted fiom the middle of the belly to the twin codend, thus separating the 
two bags. One of the bags was blinded with an inner-net of 60 mm mesh size. Four hauls of 1 
Iiour fishing time were done. The headline height was 4.2 m and speed 2.1 mls. The depth was 
375-430 meters and the water temperature at the bottom was 2.6 "C. 
The SELECT-inethod (Share Each Length's Catch Total) described by Millar (1991; 1992; 
1993); Millar and Walsh (1992) was used for calculating the selection parameters (25%, 50% 
and 75% retention length (L25, LSO, L75), and selection range) with standard errors, and the 
selection curve was adjusted according to the model. 
Gillnet selectivitv 
The selectivity of gillnets has been modeiied in several ways. The modal length of maximum 
retention is very robust for method (e.g. normal, gamma, lognormal and logistic) used to 
estimate the parameters, but extrernely sensitive to different fishing efficiencies (Millar, 
1994).The principle of geometrically similarity (Baranov, 1948) establish that the selectivity in 
gillnets depends on the relationship between the geometry of the fish and the mesh. Thus the 
modal length and spread of the curve is both proportional to the meshsize. Using a general 
linear model it is possible to estimate the selectivity for each mesh size with the information of 
the total catch in each length-group (Kirkwood and Waiker, 1986; Millar and Holst, 1996). In 
this analysis a loglinear model (Millar and Holst, 1996) is used to adjust selectivity-curves 
based on a lognormai form (GillNet software, ConStat, constat@nscentre.dk) . The gillnet data 
used are fiom the scientific fisherv in 1994. 
RESULTS 
The overall length distribution of each gear (Fig.2, Tab.1) shows the length composition 
differences of the catches. 
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Fig. 2. Length frequencies of the catches fiom the different gears used in the fishing. For gillnet 
only the two largest meshsizes are included. Both sexes are included. 
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Table I .  Mean length and quantiles for the sarnples fiom the catches. 
The amount of females in the catches differs among gears (Tab. 2), and is in accordance with 
the size distribution in the catches, as it is assumed that males have higher natural mortality 
(Kovtsova and Nizovtsev, 1985; de Cardenas, 1996) and therefor a small part of the Greenland 
halibut over 65 cm will be males. As expected, there is an inverse correlation between the 
amount of imrnature individuals and the mean length in the catches (Tab. 2). 
Table 2. The numbers and percentages of each sex and maturity status in the catches. 
Quantiies (95%-5%) 
67 - 40 
73 - 46 
74 - 58 
Trawl 
Longline 
Gillnet 
Mean length (cm) 
50.1 
59.6 
65.9 
1 
Both maturity and sex-proportion is correlated with the length of the fish, and it is possible that 
the selectivity of the gears used here is not only dependent on length but also on behaviour that 
differs among the sexes and the maturity status. In fact, a GLM model for the effect on length 
fiom gear, maturity, sex, and all cross effects gives a significant result both for the total model 
I 
(p=0.001, R2=0.69), and for each of the effects. However, because of the known correlation 
between length, sex and maturity, we can not conclude which variable is the most bportant. I 
Variation of length distribution bv d e ~ t h  and area 4 
To analyse this material statistically can be rather complicated. We do know that there are 
main effects of the length distributions in the catches fiom each gear used. But since length is 
dependent on both age, sex and the proportions of each sex in the catches, we will have to 
simpli@ to make testable hypotheses. Starting with the effect of depth and area, we have a 
hypothesis that larger fish tend to aggregate in deeper water. We separate the data with one 
group for each gear and sex before testing the model. 
In the survey in 1994 the trawler covered a number of predestined stations over a wide depth- 
range (Tab. 3) . We investigated the effect of depth and area (Norwegian statistical areas 12, 
20, 27 and 39) on length distribution in the trawl catches. Even if the model shows significant 
results in almost all combinations, the R2 (ratio of the sum of squares for the model divided by 
the sum of squares for the corrected total) is very low, still, there is a small, but significant, 
correlation between the depth, area and the size of Greenland halibut in the catches (Tab. 4) 
for several combinations of gear and sex. 
Sex proportion 
Proportion mature 
N 
> 
Gillnet 
Female 
88.4 
90.0 
12973 
Longline 
Male 
11.6 
1 O0 
1697 
Female 
72.5 
76.6 
78 19 
Trawl 
Male 
27.5 
89.5 
2973 
Female 
42.4 
28.3 
1975 
Male 
57.6 
63.1 
2682 
- - 
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Table 3. Number of fleetslhauls in different depth-strata during the survey in the area between 
72 and 76 degrees latitude. 
Table 4. General linear model (GLM, SAS Institute) for the effect of fishing area and depth on 
the mean length of Greenland halibut in the catches. 
Trawl 
Longline 
Gillnet 
I Does sex infiuence the depth distribution of the Greenland halibut? If the proportion of femalelmale does changes with depth, this can partly influence the Iength-distribution of the 
gears,since thestatians-covered bythetraoo~ham~~~-by longiiner 
1 and the gillnetter. Even only very weak correlation between length and depth is found when length distribution is analysed per gear and sex (Tab. 4), a possible bias could be that the 
proportion of males is higher at the greater depths in this time of the year. If the proportion of 
1 males are higher, the mean length in each gear can be biased by the proportion of males, even if the mean length of each sex is constant with depth. A general linear model shows that the 
I relationship between depth and sex in the trawl-catches is almost significant, but hardly a important trend (p=0.0567, ~*=0.0008, depth male:787 m, depth female:794 m), and the males 
are more shallow than the females. The same distribution with males most shallow is found for 
I longline catches, but depth explain only a very small part of the variation of the sex distribution (p=O.0001, ~'=0.0148, depth male:508 m, depth female: 520 m). This means that there is an 
effect on the proportion of the sexes by depth, but this M11 actually give a higher proportion of 
I small fish in the most shallow stations, which is not seen in the catches of the different gears: the trawl, catching the biggest proportion of males, is the gear covering the deepest stations 
(tab. 3, Fig.2). In the gillnet catches there was no effect of depth on the sex distribution. 
400-499 
O 
23 
4 
Gear 
Trawl 
Longline 
Gillnets 
500-599 
12 
48 
123 
Sex 
Female 
Male 
Female 
Male 
Female 
Male 
600-699 
11 
O 
2 
Source of 
variation 
Depth 
Area 
Depth 
Area 
Depth 
Area 
Depth 
Area 
Depth 
Area 
Depth 
Area 
700- 1400 
47 
O 
O 
Degrees of 
fieedom 
1 
3 
1 
3 
l 
3 
1 
3 
1 
3 
1 
3 
Model total 
R~ 
0.0249 
0.0326 
0.005 1 
0.2084 
0.0062 
0.2785 
Significance 
level 
<O.OO 1 
0.003 
<O.OO 1 
0.005 
<O.OO 1 
0.3262 
C0.001 
<0.001 
<0.001 
0.0774 
c0.00 1 
<O.OO 1 
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Selectivity in trawl. 
From the experiment conducted on the selectivity of the codend, a selectivity curve (Fig. 3) 
and parameters (Tab. 5) was estimated. 
- 
Fig. 3. Selection curve for the 135 mm codend with knotless (ultra-cross) meshes. 
Table 5. Parameter estimates (cm) with asymptotic standard errors for the Altiedo no.3 trawl 
for Greenland haiibut. 
. P a r a m e t e r - - r  
I 
25% retention length 37.2 1.7 
50% retention length 42.0 2.2 
75% retention length 46.8 2.7 
t 
Selection range 9.6 I 
Gillnet selectivity 
Gillnets are known to be very size-selective. By choosing the meshsize, the fishermen may 
determine both the mean length (Fig. 4) and the sex ratio (Tab. 6) of the catch. In commercial 
fishing for Greenland halibut, the bar-lengths 100 and 110 mm is most oflen used. For the 
contracted fishing also settings with 70, 80 and 90 mm bar-lengths were done. 
Table 6. Sex ratio in catches from gillnets with different bar-lengths. 
Frequency 1 % 
Female 
Male 
IlOmm 
8667 
96.5 
929 
3.5 
70 mm 
139 
22.7 
473 
77.3 
90 mm 
940 
81.7 
2 1 O 
18.3 
100 mm 
4532 
87.5 
650 
12.5 
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Fig. 4. Length distribution in the used gillnets. Note that the material only include 1 fleet of 80 
mm bar-length. 
l I The selectivity properties of the gillnets (Tab. 7) reflects the assumptions of the model with 
spread correlated to meshsize. The selectivity curve (Fig. 5) has equal height of nodes, this is 
I because the fishing power of each mesh size can be estimated and adjusted for in the log-linear model (Millar and Walsh, 1992; Millar and Holst, 1996). The selectivity factor (Modal lengthhar length) is 5.8 from these results. 
I Table 7. Pit for lognormal model and selectivity estimata for the ganet with 70, 80, 90, 100 
I 
and 1 10 mm bar-lengths. 
Deviation df P 
287hL ?&L----- 
- 
1 Bar-length in meshes 70 
80 
90 
1 O0 
I 
110 
Modal length in catch (cm) 
40.6 
46.4 
52.2 
58.0 
Spread (cm) 
24.6 
28.1 
31.7 
35.2 
Seledon Cu-% 
J -  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1. 
....... I. 0.9. ... ................ 
n. 7- 
I 
I .\ ..... . . .  
30 *O l-&?' 70 MI m 
..w- 5.- 
I Fig. 5. The selection curves obtained with lognormal model in GillNet software. 
63.8 38.7 
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Growth 
To investigate if selection in the gears will give different calculated growth, the size-range 45- 
85 cm from all gears in the limited area was fit to a von Bertala* growth equation b,, = L (1 - e -w%) ) (Beverton and Holt, 1957). When data were also split by sex it was found that 
females caught in gillnets had slower growth and higher Loo than the females caught by 
longline or trawl (Tab. 8) (Appendix A). 
Table 8. Growth parameters based on length-group 45-85 cm in catches from the three gears. 
DISCUSSION AND CONCLUSIONS 
Trawl 
Longline 
Gillnets 
The gears used in the scientific fishery utilise fish behaviour in different ways in the catching 
process, and thus sample the population differently. In the active fishing operation of the trawl, 
the sound of the vessel is the first stimuli to induce a reaction in the encountered fish while the 
doors and sandclouds are the visual stimuli supposed to guide the fish in fiont of the trawl. 
The sight of the headline with it's floats can keep large fish swimming in front of the trawl 
without entering the net (Hemmings 1973; Engås 1994). 
While the trawl selection curve given (Fig. 3) shows the proportion of fish retained in the 
codend, there is also a selection of fish in fiont of the trawl. Small fish might be lost under the 
I 
sweeps if they are unable to keep up with the speed of the narrowing wires, and large halibut 
can avoid swimrning into the trawl opening. If fish are swimming in fiont of the trawl the 
- s e ~ & i k o r r o f g a d F ' d d ~ ~ h ~ W t i s ~ e & & . 6 a ~ ~ e ~ w l - 8 ~ t .  
I 
There is a relationship between the length distribution in the catches combined (Fig. 2) and the 
length at age giving the growth parameters (Tab. 8). The results illustrate the selectivity process 
in this way: 
t 
I 
The LKJ is smallest for the trawl and longline-caught fish. This can be explained by the fact that 
the trawl is an active gear and it is most efficient for the small fish with iow swimming speed 
and capacity. However, the mesh selection in the codend of the trawl wiil exclude the smallest 
fish (if present) and also exclude the smallest of a given yearclass in the selection range with 
greater probability than a larger fish, giving overestimation of length per age for the lengths 
under the Lloo for the mesh selection (Korsbrekke, this volume). Thus the trawl will over- 
represent the fast-growing fish in the youngest yearclasses (in the selection range of the 
codend) simultaneously as it over-represent the slow-growing individuals in the older year- 
classes. 
Female 
For fish larger than the selection range in the codend the results here (same estimated growth 
for trawl and longline-caught fish) suggest that the trawl-catches are not over-represented by 
slow growing 1 slow swimming fish compared to the longline-catches. This is because if there 
were large fish is swinuning in front of and avoiding the trawl, they would be individuals with 
larger length at age and better growth than fish wiming the competition to be first to the 
longline and choosing the baits (Goda el al., 1997). This seems unlikely, since it would be 
expected that fish large and fit enough to out-swim the trawl would also have an advantage in 
K 
O. 1 O0 
0.099 
0.067 
Male 
Lo0 
102.9 
102.5 
131.4 
K 
0.153 
O. 145 
0.152 
Lo0 
79.1 
81.5 
81.6 
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the longline fishing situation, and the fact that we do not have differences between trawl and 
longline-catches in calculated growth suggest that there are very few (if any) fast growing and 
large Greenland halibut actually avoiding the trawl. Clark and Parma (1995) found that 
calculated growth for Pacific halibut fiom trawl catches was lower than growth in setline 
catches. They assume that the fish's vulnerability to trawl is decreasing down to 80 % for fish 
at 100 cm. As Greenland halibut seldom reaches s i i s  like that, and our growth calculations are 
based on the lengths 45-85 cm, this could explain why our data does not support the trend in 
Clark and Parma's report. 
Based on measurements of 45-85 cm fish, the overall growth-rate seems to be larger for male 
than female irrespective of gear used to sarnple the Greenland halibut. This is in accordance 
with Nizovtsev (1 99 1 ). Bowering ( 1  983) found faster growth of female Greenland halibut over 
5 years old. 
The longline is a gear that utilises the food searching behaviour of the target fish. The 
selectivity process in longline is often explained in a two-step behaviour procedure. First we 
assume that larger fish has wider feeding-grounds due to their high swirnrning capacity. The 
probability of a large fish to encounter a gillnet or a longline due to greater searching area 
should give the same overrepresentation of large fish in both gears compared to trawl. Since 
we assume there is a directive response towards the bait &er the attractants have been 
detected (Løkkeborg, submitted; Pawson, 1977) and a competitive situation for the food after 
it i s  found (Godø et al., 1997), this wiU induce larger fish in longline compared to trawl 
catches. In this comparison we found that gillnet caught larger fish than the longline and trawl, 
and fish caught in gillnets seems to have had slower growth. In comparison with the longline 
catches we assume the encounter rate due to swimming capacity to be equal for large fish in 
the same size group. There is no rigid mechanicai selection in longlining as in mesh selection, 
and the length distribution of catches in longlining will be more variable than catches in gihets 
and trawl. 
The fact that the female Greenland haiibut caught in the gillnets had slower growth and higher 
- L - r r ( T a b = 8 ~ n * @ a i n d ~ ~ ~ ~ ~ i n g  way : 
Accepting Baranov's (1 948) principle of geometrical sirnilarity, the gillnet will over-sample the 
rnost wedge-shaped fish in a given yearclass, thereby over-representing the individuals with 
large gonads or high degree of stomach-fiillness. These variables will be dependent on feeding 
success and time of the year. Maturity is found to be more dependent on length than age, and it 
is shown (Alm 1959; Bowering 1976) that with good initial growth-rate the maturity is reached 
at an earlier age than at slower growth rates. Linear growth will decrease after the first 
spawning (Nizovtsev 1991), and this will result in lower estimates of growth-rate. It is clear 
that when gillnets catch a bigger proportion of wedge-shaped fish with big gonads, these fishes 
are old (Nedreaas et al. 1996), large and probably not first time spawners. 
The estimates of selectivity factor in gillnets (5.8) are lower than found by Boje and Hovgård 
(1995) (6.85) and Olsen and Tjemsland (1963) (6.4 for Atlantic Halibut). This might be 
because of differences in rigging (hanging ratio) of the nets. Stili, there are results of selection 
factors of 3.3 to 3.7 (calculated from figure) in a report fiom gillnetting Greenland halibut in 
the Northwest Atlantic Ocean @uthie and Marsden, 1995). The selectivity curves and 
estirnated fishing power of the nets will make comparisons between gears possible for the 
catchability of large Greenland halibut. 
The selectivity parameters found for the 135 mm codend (L50 = 42.0 cm) corresponds to a 
selectivity factor of 3.2, which is a bit higher than reported by de Cardenas et al. (1 995) (2.99 
I I6 
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for 1 hour hauls). The selectivity in codend meshes can be influenced by duration of hauls, 
material in net, light and contrast of netting to background light, arnount of fish in bag and 
rigging of gear besides the actual meshsize of the codend (Isaksen et al. 1990; Isaksen and 
Valdemarsen 1994). Also the physical perimeter of the flatfishes will give wider selection range 
and less selection than for fish like cod. A metal grid as in the SORT-X (Norwegian) or 
SORT-V (Russian) system can ofien give less varying results and sharper selection. Lisovsky 
ei al. (1996) has estimated selection in the SORT-V system and found a LSO at 33 cm and the 
selection range 3.6 cm. The selection range in a grid will also increase with increasing bar- 
distance in accordance with Baranov's (1948) principle of geometrical similarity, and a 
approximate extrapolation of the results fiom the 35 mm SORT-V to 55 mm (minimum bar 
distance in SORT-X in Norwegian trawl-fisheries in the Barents sea) will result in a selection 
range of ca. 7 cm and a L50 at ca. 55 cm. 
We did find only weak depth-dependence of the length-distribution in our data. This is in 
accordance with Nedreaas et al. (1 996) who analysed similar data fiom 1992, even if the gear 
effect could not be excluded in that analysis due to the different fishing depth of the gears. 
Other workers have shown an increase of mean length with depth (Godnr and Haug, 1989; 
Gundersen ei al., 1994 (longline), Junquera and Zamarro 1994; de Cardenas et al., 1996 
(longline)). We have also found a tendency for females to distribute at deeper waters than 
males, but could not find any significant effect between maturity index and the distribution of 
fish. 
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APPENDIX A. 
Table o f  medium length per age sorted by sex and gear. The number of observations in 
parentheses shows the number o f  the length-distributions represented. In this way the data are 
compensated for the length-stratification. 
9 
59.5 
(44) 
60.0 
(5 13) 
58.8 
(370) 
6 1.3 
(163) 
6 
47.3 
(250) 
47.7 
(276) 
47.7 
(566) 
47.7 
(322) 
48.0 
(208) 
1 O 
63.4 
(208) 
63.2 
(2525) 
63.6 
(6534) 
61.0 
(20) 
61.5 
(2 14) 
63.7 
(378) 
Age, years 
12 
73.9 
(66) 
73.0 
(581) 
72.6 
(1339) 
73.0 
(41) 
11 
69.4 
(170) 
68.6 
(1391) 
68.9 
(3825) 
69.7 
(7) 
Age, years 
4 
36.35 
(223) 
37.8 
(207) 
Female 
Male 
Female 
Male 
7 
51.0 
(405) 
5 1.8 
(626) 
5 1.8 
(132) 
51.1 
(735) 
52.1 
(1736) 
53.3 
(599) 
5 
42.9 
(358) 
43.4 
(217) 
43.5 
(32) 
43.5 
(939) 
44.1 
(146) 
44.0 
(16) 
Trawl 
Longline 
Gillnet 
Trawl 
Longline 
Gillnet 
13 
77.9 
(15) 
76.3 
(192) 
77.5 
(198) 
Trawl 
Longline 
Gillnet 
Trawl 
Longline 
Gillnet 
8 
57.1 
(208) 
57.4 
(1360) 
57.5 
(407) 
56.4 
(208) 
54.8 
(514) 
56.8 
(333) 
14 
88.1 
(25) 
82.0 
(110) 
80.4 
(102) 
15 
86.3 
(3) 
86.9 
(28) 
87.5 
(34) 
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EXPERIMENTS WITH COD POTS AS AN ALTERNATIVE 
TO GILL-NETS IN THE VARANGER FJORD 
IN APRIL-JUNE AND OCTOBER-DECEMBER 1996 
D.M. ~urevik' and ~ . ~ . ~ å ~ e n s e n *  
1 Institute of Marine Research, P.O. Box 1870, N-5024 Bergen, Norway 
"ssistant Director of Fisheries in Finnmark, Vadsa, Norway 
ABSTRACT 
A newly developed cod pot (two-chamber pot) has been tested in the VarangerfJord area as 
an alternative to gill-net, with the purpose to reduce the periodically large unaccounted 
mortality of king crab in the gill-net fishery for cod and haddock. Even though crab are 
caught in pots as well, they may be put back to the sea unhartned. The experiments carried 
out in spring 1996, showved that the two-chamber pots might be an alternative to gill-nets 
for catching cod. Howcver, in the experiments carried out in the autumn, the catches and 
the availabitity of cod were fairly low. Good catches of haddock were achieved by the 
longliners, but the catches of haddock in the pots were insignificant. Squid was used as 
bait in the pots, and another bait, i.e. mackerel, might have increased the catches of 
haddock. 
LNTRODUCTION 
Stocks of king crab (Paralithoties camtschaCica) in the Varanger Fjord have grown rapidly 
during the past few years. Fisheries for this crab is prohibited, and in Norway it is fished solely 
as part of the "King Crab Project", an integrated project that involves the Institute of Marine 
Research, the Head of Fisheries in the County of Finnmark, Arctic Products AS and local 
fishermen. 
This is a limited trial fishery under the terms of an agreement in the Mixed Norwegian-Russian 
Fisheries Comrnission. Fishing takes place in the months of September to January. At other 
seasons, the quality of the crab is lower and it is of no commercial interest. 
In the course of the year the crab is found at various depths. During the cod fisheries in winter 
and spring it remains in the fields used by the net-fishing fleet. As a result, large numbers of 
king crabs are taken by cod nets, reducing the effectiveness of this fishery. If the stock of king 
crabs continues to grow at the same rate as in recent years, it will be possible to launch a 
commercial fishery for this species in due course. As already pointed out, for reasons of 
quality, such a fishery will have to take place from the autumn until the end of the year, and in 
purely seasonal terms it will not be a substitute for the cod fishery. 
At the same time as the king crab is creating difficulties for gill-net fishing, the fishery itself is 
depleting a stock that could be an important source of income for local fishermen in the fiiture. 
For this reason, it is in the interest of all parties to maintain a winter fishery for cod while 
preventing unnecessary depletion of the crab stock. 
Calculations based on the winter gill-net fishery in 1997 showed an average bycatch of about 
two crabs per net. Given that most vessels operate about 75 nets, this means that a single 
vessel takes out around 150 crabs per hau1 over a season of 10-12 weeks, i.e. a total of 4,000- 
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6,000 crabs in the course of the season. The local gill-net fleet, with the addition of foreign 
vessels, thus catches large quantities of crabs. In comparison the quota assigned to the trial 
fishery comes to a total of 22,000 crabs, equally divided between Norway and Russia. 
If the stock of king crab continues to grow and spread westwards, the fisheries in other fjords 
and coastal areas will soon face the same problems as Varanger is doing already. 
Several series of experiments have produced good results using a recently developed 
collapsible two-chamber pot for cod (Furevik 1993; Furevik and Skeide 1994a; Furevik and 
Skeide 1994b; Furevik 1997). The two-chamber pot is manufactured in two sizes, with surface 
areas of 150 x 100 cm and 120 x 80 cm respectively. The largest pot is shown in Fig. 1. The 
total weight in air and water for the big pot is 10.8 kg and 2.7 kg respectively. For the small 
pot, the corresponding weights are 7.5 kg and 2.4 kg respectively. 
Pots used in other areas have also been studied. The modified king crab pot used for catching 
Pacific cod (Gadzrs maxrocephalus) (Furevik 1994) was found to be too big and heavy to be 
used by the coastal fleet. Many other pots were also looked into (Wolf and Chislett 1974; 
Whiteton et al. 1991; Collins 1990; Furevik and Løkkeborg 1994; Munor 1974, 1983; and 
Hull 198 l), but no one were found that could be introduced directly into the coastal fishery in 
Norway. 
In order to test these cod pots in place of gill-nets in the Varanger Fjord, project funding for 
the purchase of pots, training and use was sought via the Head of Fisheries in the County of 
Finninark, in collaboration with the Institute of Marine Research, Fish Capture Section. The 
Norwegian Directorate of Fisheries provided funding for initial trials. In the first experiment in 
April and May 1996, 30 pots were fished, and for the experiments in autumn 1996, 50 pots 
were used. 
We regarded the autumn as an interesting period for experimental fishing comparisons of pots 
and longlines. The longline fishery itself is not a problem for crab stocks, but crabs can take 
both line-bait and fish on the hooks. 
Apart from being an alternative to giii-nets, pots are exceiient for catching live fish. If 
profitable catches can be obtained with pots, interim and possibly long-term storage and 
feeding of cod might be possible. This in turn could lead to better prices on the market for 
fresh fish. 
MATERIAL AND METHODS 
The fishing trials were carried out in the area outside Bugnynes by M / S  "Eskii" and 
M/S "Trifon", two 35' fishing vessels from 15 April to 5 June 1996 and 23 October to 12 
December 1996. During periods when gill-net fishing took place in the same areas as the pots 
were being used, the weight of the catches (gutted) and the number of crabs per fleet of pots 
were recorded. The pots were set in two fleets of 15-20 pots each and baited primarily with 
squid, as well as some mackerel. In order to reduce catches of crabs in the pots we tried to 
float some of the pots 0.5-1 .O m above the seabed. On some pots, three vertical cords were 
fastened to the short ends of the pots outside the outermost entrance, creating four fields, each 
with a width of 25 cm. 
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RESULTS AND DISCUSSION 
First ~e r iod  
The first period is divided into two parts; fiom 15 April - 2 May and 8 May - 5 June; because 
the availability of cod changed greatly. Table 1 shows the average catchhleet, maximum and 
minimum catches per fleet, and total average catch per pot for the two parts of the period. It 
can be seen that in the first part, the average catches of cod is fairly high, whereas in the 
second part the availability decreases. 
Table 1. Average catches of cod per fleet, maximum and minimum catches per pot, and total 
In Appendix 1 more details from the first trial period is given. We can see that by the 
beginning of May catches of cod are diminishing. This was also the case with gill-nets, where 
4 t h  fleet No.29 (May 9) 12 nets were hauled for a catch of 250 kg gutted fish, while with 
fleet No.41 (May 20), 30 nets were hauled giving a catch of 80 kg gutted fish. In the 
beginning, the catch in each pot was often between 25 and 30 cod. The average catch per pot 
I per fleet varied, in the first period from 15.2 - 5, and in the second period fiom 5.9-1.5 (Table 1). The average catch during the whole period is 6 cod per pot. The catch rates 
~ g n ~ y - i n t ~ d ~ h a & ~ ~ m ; r r h , i w -  
l gill-nets in the winter-spring cod fishery in the Varanger Fjord area. . 
average catch per pot from the two periods. 
As far as catch rates for pots compared to nets during the first period are concerned, the 
material is too sparse and uncertain to allow us too draw conclusions. Information regardiig 
gill-net catches was provided by gill-net fishing vessels in the vicinity, and distances fiom pot 
fleet to net fleet varied a great deal. For this reason, it would be difficult to assume that the 
distribution of fish was the same for both types of gear under all comparative conditions. 
Pcriod 1: 
Firsi part 
15.01.41.05 
Second pari 
0805-05.06. 
Period 2: 
23.10.-12.12 
In order to gain an indication of the catch rates of pots vs. gill-nets, however, a comparison is 
shown in Table 2. This shows that there were wide variations, and that 3.9 - 0.5 pots are 
equivalent to one gill-net. It must be assumed that this is partly due to large local differences in 
fish density and migration pattern. 
Table 2. Number of pots needed to obtain a catch equivalent to that in one gill-net. 
Fleet No. 29 3 1 3 2 41 
No. of potdgill-net 3.9 1.4 1.3 0.5 
Aver. catclilfleet 
Max Min 
15.2 5 
5.9 1.5 
5.2 1 .O 
The mean number of crabs caught per pot within each fleet varied widely, fiom 10.5 to 0.4. 
(Table 1). The overall mean was 2.9 crabs per pot (Appendi 1). This wide variation in catch 
rates may be due to an extremely patchy distribution. The catch rates of gill-nets (fleets Nos. 
29,3 1 and 4 l) were 2.5 - 1.3 crabs per net. In the course of the period, however, much higher 
Fish per pot 
Max Min 
36 O 
J 0 O 
9 O 
Aver. catch 
of fislilpot 
9 
2.8 
2.4 
Aver-catch craWpot 
Max Min 
7.3 0.4 
10.5 1.0 
9.6 O 
Crablpot 
Mas Min 
16 O 
29 O 
15 O 
Aver. catch 
of crablpot 
2.6 
3.4 
0.8 
124 
P r d i n g s  of the 7' Russian/Norwegian Symposium: Gear Seleclion and Sampling Gears 
catches of crabs were reported by some boats, though no figures were obtained. The gill-net 
vessel fishing fleet No.32, for example, was forced to give up for a while because of large 
bycatches of crab. 
When gill-nets are left out for longer periods we must expect catches of crab to rise 
dramatically, as was demonstrated by fleet No. 19 (Appendix 1). 
To investigate whether an increasing number of crabs in the catches would reduce the catches 
of cod, the average number of cod per pot per fleet was compared to the average number of 
crab per pot per fleet. Fig. 2 shows that there is no clear connection between the amount of 
crab and the size of the catches of cod. The comparison were made with catch data fiom 15 
April-2 May, when the cod catches were fairly stable. 
The initial experiments of floating pots produced poor results. Although they did not catch 
crabs, they did not take any cod either. It is not certain whether these pots lay in the water in 
the way we had expected, and we wiii have to be look at this aspect more closely. Tying 
vertical cords around the outermost part of the entrance to the pots did not lead to any 
noticeable difference in catches of either cod or crabs. In fiiture experiments, a slightly shorter 
distance between the bands may be tested. 
Vimally all the crabs caught in the pots were released uninjured to the sea, and as far as 
bycatches are concerned, a pot fishery would not be a problem, although of course it would be 
preferable to catch as few crabs as possible. The only problems are that the pots may be 
somewhat heavier to lift aboard, and that it takes some time to remove the crabs fiom them. 
The latter problem can be solved by putting a large zip-fastener in the bottom of the pot. 
Second period 
Cod pots and longlines 
These experiments were designed and carried out as for bottom longline fishing for cod, and 
f o r  the mast pa& f i h g  waa carried out on the kaditional iblllumn line grounds used hy 
I 
inshore fishing vessels from Vadsø, Vestre-Jakobselv and Bugøynes. This longline fishery 
normally starts in SeptemberIOctober and continues until the end of the following January. 
The proportion of haddock in the catches is normally about 50% at the beginning of the 
t 
season, gradually tailing off towards Christmas. 1 I 
In autumn 1996, the proportion of cod was abnormally low, and the longlining boats were 
catching 80-90% haddock throughout the period. The catch per tub of longline varied fiom 
70-180 kg., with an average ofjust over 100 kg. The catch data for cod and crab are given in 
Table 1, with more details in Appendix 2. The catches per fleet were generally low, with the 
average number of fish per pot lying between 0.95 and 5.19. The overall average was 2.41 fish 
per pot, of which 71% were cod. The bycatch consisted largely of torsk (Brosme brosme), 
with a few spotted catfish (Anarhicas minor), wolf fish (Anarhicas Zupus) and haddock 
(Mela~togranlmus aegZeBt~us). The catches of crabs per pot per fleet varied from 9.6-0 with a 
total average of 0.75 crabs per pot. 
The cod pots caught very few haddock. This is due to the facts that haddock are more carefbl 
then cod when approaching a pot, that the pots were soaked outside the typical fishing areas 
for haddock, and that squid were used as bait. Mackerel as bait would have increased the 
catches of haddock. 
Table 3 shows the average catch per pot after various soak times. The catch rate changes little 
with soak time. The data indicate that the pots caught little or nothing after the first 24 hours, 
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and that fish did not escape fiom pots to any extent. If they had done so, the catch rate would 
have decreased as soak time increased. 
Table 3. Average ( ttch per pot with regard to soak time. 
Soak time (days) No. of fleets Average no. of fishlpo 
1 20 2.28 
2 10 2.37 
3 1 O 2.78 
4 7 2.57 
5 4 2.30 
6 4 2.08 
7 2 2.27 
8 2 2.44 
The lower average of crabs caught in the second period may be due to the wider fishing area 
compared to period one. In several areas where the pots were tested in period 2, the king crab 
are less densely distributed. 
Cod pots and bottom conditions 
The pots were tried out on seabeds of all types of topography and character. Generally 
speakiiig, the pots seemed to function well irrespective of the seabed topography. Some empty 
pots were observed where they had been placed on very steep slopes, and they tended to catch 
fish more regularly on a flat bottom. Irregular stony bottoms caused very few pots to stick. 
There was some damage on stony bottoms, but in only one case was this so severe that the pot 
had to be taken ashore for repair. Stones occasionally were caught in the fiinnel entrance on 
stony bottoms. No pots were lost. 
t Ease of handling, design and usc 
Because of their light weight and design the pots were easy to handle on board. Their 
aluminium frames were easily bent and a fixed crutch and boom are necessary when the pots 
are hauled inboard to be emptied. The location of the Wps in the new pots made it easy to 
empty them of fish and crabs. 
The line in the pots wears out along the fiarne, and it should be protected with rope. A larger 
number of snap-links should be installed on the fleet line, so that the distance between the pots 
can be adjusted according to fish density and seabed conditions. The line could also be 
produced in shorter lengths to make it easier to change the length of the fleets. 
Most small fishing vessels are already equipped to handle pots easily, i.e. with a net winch, net 
hauler and boom with winch. Two men could turn over about 100 pots per trip, depending on 
amount of fish taken, distance between fleets, etc. 
SUMMARY 
Pots could be an alternative to gill-nets in the winterlspring fishery in the Varanger area. 
During the autumn fishery, when cod are few, pots would not be an alternative to other types 
of gear. The availability of cod during this period varies widely fiom one year to another, and 
the pots should be hrther tested in the spring and autumn fisheries in the Varanger Fjord. 
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In addition to the fact that pot-caught fish of high quality can be supplied diuectly to the 
market, pots are also an excellent means of catching fish for live storage. The potential for 
both interim storage and long-term storage and feeding should be further investigated. The 
technology is well-known and tested, e.g. in a number of studies canied out by the Institute of 
Marine Research, Fish Capture Section, and The Norwegian Fisheries Research Institute. This 
would make it possible to bring such catches to the fiesh-fish market and to offer fiesh fish 
when other supplies are low. 
Methods of reducing bycatches of crabs in the pots should be fiirther tested. 
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Average number of crab / pot / string 
Fig. 2. Catch of crab per pot compared to catch of cod per pot in the beginning of the first 
period. 

Averirgc Gutted 
Vo of N" of kiilc cr;lb /\verage n« no weiglit 
Fisli d of fisllpot of crablpot (kg) Coinmeiits 
34 I I 2.3 2.3 70 
natt D ~ ~ I I I  I:ICC~ NO of 
Set Haiilcd Area (fntlioiiis) iio pots 
0905 1005 Bugtjyt'jord 150 30 15 
0905 1005 Bug~yt'jord 130 3 1 15 12 gillnets, 80 kg gutted weiglit, 
15 crabs 
24 gillnets, 150 kg gutted weight, 
Tlie gillnetter cut short the cruise 
due to large bycatclies of crab 
Bugøyfjord 
Bugøyfjord 
Bugeyfjord 
Bugøyfjord 
Bugøyfjord 
Other side of Bugoy 
Bugøyfjord 
Bugøyfjord 
Other side of Bugoy 
1 Greenland Iialibut 
1 catfisk, I torsk 
30 gillnets, 80 kg gutted weight, 
75 crabs 
2005 2405 Bugøyfjord 
2005 2405 Bug~yfjord 
2405 2905 Bugøyfjord 3 torsk, 2 catfish. 
Bait: squid aiid mackerel 
2405 2905 Bugflyfjord 
2905 0506 Bugøyfjord 
40 5 torsk, 1 catfisk. Crab with tag. 
Bait: niackerel 
30 Bait: mackerel 
2905 0506 Bugøyfjord 46 15 
Total 620 
31 97 4 2.1 6.7 50 Bait: mackerel 
3722 1064 508 6.0 2.9 In average a" 2.0 , ? 1 .O 
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SELECTION AND SURVIVAL 
IN THE NORWEGIAN SHRIMP TRAWL FISHERIES 
B.Isaksen and A.V.Soldal 
Institute of Marine Research, Fish Capture Division, 
P.O.Box 1870 Nordnes, N-5024 Bergen, Norway 
ABSTRACT 
Shrimp trawling has aiways been associated with large bycatches. The problems are 
solely due to the small mesh sizes generally used in shrimp trawl compared to mesh 
size in trawls used for various groundfish. During the last 25 years, a lot of 
experiments have been performed to reduce the bycatch in shrimp trawl, but so far 
one has only partly managed to solve the problem. It still remains to develop 
devices that effectively separate small fish from shrimp and small shrimp from 
larger shrimp, that is a combined solution for species and size selection in shrimp 
trawl. 
I The survival of one-year-old cod (Gadus morhua), haddock (Melanogrammus 
I aeglefinus) and whiting (Mer1rn1~ti.s meriangius), excluded fiom a shrirnp trawl by a diagonal metal grid placed in front of the codend (the Northmrre grid), was 
studied during June 1993 and 1994. Fish leaving the gear in fiont of this grid 
during trawling were retained by a net covering the fish outlet, and led into a I - collecting cage. The colleding cages were released from the trawl at the fishing 
d e b t h _ a n d r  five te l2~Thef i sh ihe-cageswa-thertob& 
1 daily by underwater television, and in the second season aiso by divers. The escapees from separate trawl hauk were anaiysed for body darnage. 
No mortality was found among the young gadoids during the observation period, 
except for one haddock in the control group. There were almost no visible skin 
injuries or scale loss in cod, while in whiting and haddock there was a significantly 
larger occurence of these factors. No correlation was observed between fish size 
and the amount of scale loss. 
Shrimp trawling has always been associated with large bycatches, both nationally and 
iriternationally. The problems are solely due to the small mesh sizes generally used in shrimp 
trawl compared to mesh size in trawls used for vanous groundfish. The minimum mesh size 
for ground fish trawls in the Barents Sea is 135 mm, whereas the minimum mesh size in shrimp 
trawls is only 35 mm. This has involuntarily caused shrimp trawls, depending on the time of 
the year, to catch large amounts of juveniles and fish below minimum landing size. Some of 
the fjords in Northern Norway have therefore been closed to shriip trawl fishing for decades 
due to this problem. With the introduction of the "Nordmøre grid", the problem with fish in 
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shrimp trawls has been reduced, but there are still dificulties in selecting the smallest fish, that 
is 0- and I -group of cod and haddock up to 16- 1 8 cm and redfish up to 12- 14 cm. 
After the settlement of O-group fish late in the autumn, it is almost a yearly phenomenon that 
the intermixture of of juvenile fish is too high in the shrimp catches, resulting in closure of 
good shrimp grounds in the fjords as well as offshore. The problem will often continue until 
March-May when the juveniles either disappear &om the grounds or grow into the selection 
range of the Nordmøre grid. 
Bycatch in shrimp trawl is, however, not only associated with fish, but also with shrimp 
snialler than the inininium landing size. If the catches contain more than 10% small shrimp in 
weigth, the fishing grounds will be closed. The problem with small shrimp will mainly occur in 
the late sumrnerlearly autumn, and before the O-group fish settle on the bottom. Altogether 
shrimp grounds can be closed for fishing for several months in coastal areas. 
The bycatch of small shrimp is also noticed in the fjords off Svalbard, with partial closure of 
the fishing grounds when this happens. The Norwegian sterntrawlers fishing for shrimp in 
waters off Greenland and on Flemish Cap also encounter dificulties with small, low-value 
shrimp. These boats have been given "vesse1"-quotas and want only big shrimp. Observers 
onboard prevent size sorting on deck, and these vessels are Iooking for some device to size- 
sort the shrimp during fishing. 
During the last 25 years, a lot of experiments both nationally and internationally have been 
performed to reduce the bycatch in shrimp trawl, but so far one has only partly managed to do 
so. It still remains to develop devices that effectively separate small fish from shrimp and small 
shrimp from big shrimp, in other words a combi~zed solufioil for species- aiid size selectioi~ ilt 
shrimp trmvls. 
SELECTION IN SHRIMP TRAWL - A SHORT REVIEW 
Size sorting of s h r i m ~  and fish by means of mesheslnet-panels 
Shrimp 
Experiments performed in 1974 reveaied that it was possible to obtain relatively good size 
selection by increasing the mesh size. These experiments were, however, performed with 
relatively low catch-rates, and later experiments, performed in the mid 1980s, indicated that 
the selectivity for shrimp would decrease with incresaing catch rate (Directorate of Fisheries, 
unpublished data). Theoretical considerations on the phenomenon are given by Vaidemarsen 
(1989). Recently performed experiments have shown that it may be possible to improve the 
selectivity in the shrimp trawl codend by removing the outer protectiodstrengthening net 
normally used on shrirnp trawl codends. With small catches this procedure may be an option to 
improve the selectivity, but for stern trawlers hauling big catches up the stern ramp, there is 
definitely a need for a strengthening net. 
Karlsen and Larsen (1989) showed that it was possible to improve shrirnp size selectivity by 
using square mesh codends, but also these experiments revealed that the selectivity became 
poor by increased amounts of catch in the codend. A nordic project performed at Greenland 
on shrimp selctivity gave sirnilar results; when the catch in the codend increased, the selectivity 
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properties of the codend decreased because the changed mesh configuration gave about the 
same selectivity as normal codends (Lehmann et al. 1993). 
At the east coast of Canada, several experiments with different mesh configurations have been 
performed; square mesh, meshes stiffened by plastic coating and lastridge ropes. The 
experiments have not given any better results than normal meshes, and it can be stated that 
open meshes in the upper/lower and side panels of a shrimp codend have no effect; the shrimp 
have no directional swimming behaviour and cannot benefit from open meshes like a fish. 
Fish 
From 1975 to 1978, the so-called HH-panel was developed at the Fish Capture Division, 
Bergen (Karlsen 1978). This method of excluding fish is based upon an oblique-mounted oval 
net placed between the extention piece and the codend in the shrimp trawl. The HH-net was 
used in experimental fishing in the fjords in northern Norway as well as in the offshore fishery 
in the rnid 1980s (Karlsen 1983). It gave acceptable results with regard to shrimp loss and 
exclusion of fish. However, when the device was used on grounds with a lot of redfish, there 
were indications that difficulties were caused by meshed redfish. The HH-panel was used for a 
short period by most of the coastal shrimp trawlers, giving them the possibility to fish on 
grounds which were closed for traditional gear. 
Experiments with side sorting panels were also performed (Isaksen 1994). The method gave 
similar results as the HH-panel, but was somewhat more difficult to install and enforce. 
A third system tested to sort out fish from shrimp was the Radial Escape Section - RES - 
(Valdemarsen and Isaksen 1986). The system consists of two fiimels comected by ropes or 
big meshes. While fish could swim out between the two fiinnels, shrimp was led passively from 
one hmel to the other and back into the codend (Figure 1). Except for the HH-panel, none of 
the devices made from net panels carne into practical use in the 1980s. 
Fish 
Upon request from the Mixed Russian-Norwegian Fisheries Comrnission, a large selectivity 
progamme on bycatch in shrimp trawls was started early 1989. During spring this year, a solid 
sorting device was developed, actually based on a device used to exclude jelly-fish developed 
by some fishermen at Nordmøre (Isaksen et al. 1992). This device, narned the Nordmre grid, 
very soon proved to be efficient in excluding fish during shrimp trawling. The device has a 
relatively simple construction, and consists of a guiding f i i ~ e l  in front of a 45' sloped grid, 
and with a fish outlet in the upper panel just in front of the grid, as illustrated in Figure 2. 
While shrimp are led passively through the grid, fish are led up along the grid and through the 
fish outlet. The Nordmøre grid was soon introduced in the fjord shrimp fishery and on the 
offshore grounds of the Barents Sea during the early 1990s. In addition to Norway and Russia, 
this device is now in compulsory use in Iceland, Canada, USA and Australia, and several other 
countries are going to introduce it in near hture. 
By using a Nordmøre grid with 19 mm inter-bar distance, it is possible to exclude all cod and 
haddock above 18-20 cm and ail redfish above 13-1 5 cm, at the same time as the shrimp loss 
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is kept below 2-3%. A smailer inter-bar distance would definitely improve the exclusion of 
fish, but would at the same time result in a higher shrimp loss. 
From 1992 and up to 1996, very little was done with respect to the Nordmøre grid. After 
several requests from fishermen, some experiments were carried out with a large grid with a 
width of 1.3 m and length of 2.5 m (Larsen et al. 1997). This grid sloping only 30°, gave 
about the same shrimp loss as earlier, but gave far less clogging of flatfish and rays on the 
sorting surface. The grid is now aiiowed used in the Barent Sea. 
Aithough the Nordmøre grid has reduced fish bycatch considerably in deepwater fisheries for 
Pcir~Jalris boi-dis, it still remains to develop a device that effectively exclude the smallest fish. 
Shrimp 
Inspired by the good results from the use of solid grids in shrimp trawls, several experiments 
were performed in the early 1990s to size select the shrimp during the fishing operation 
(Karlsen 1990, Valdemarsen and Mikalsen 1991). Later on, most of the size selectivity work 
on shrimp was performed as an inter-nordic prosject with several cruises at Greenland. Up to 
this date, severai grid devices have been tested, fiom plane grids (Karlsen 1990) to more 
complicated devices like the FASS (Figure 3) (Valdemarsen 1993, Kanneworf and Lehmann 
1989, Anon 1996). Most of these experiments have resulted in increased size selectivity, but 
have encountered a common problem. Clogging of the grid sorting surface has been a 
dominating difficulty that increases with increasing haul duration as observed by means of 
UTV-equipment. After for instance 3 hour towing, the whole sorting surface may be blocked, 
and no further size sorting takes place. During haulback, the shrimp will loosen fiom the grid, 
I 
and when heaving the grid device up the stern, everything looks fine. 
It has been realized that size sorting of shrimp is strongiy dependant on factors like grid angle, 
I 
bar diameter, smoothness of bar surface, relationship between bar diameter and bar distance as 
well as profile of bar - round or V-sha~ed (Mikalsen 1997, Baio 1996). I 
Behaviour studies of shrimp and fish 
Shrimp 
Deepwater shrimp (Paridalus borealis) have on several occasion been observed by UTV- 
equipment, either mounted on remote vehicles like "Ocean Rover" or "Fokus 400" 
(Valdemarsen et al. 1990) or directly on the trawl in front of grids and various places in the 
belly (Larsen and Isaksen 1994, Isaksen et al. 1995). The observations revealed that the 
shrimp have no directional swirnming ability. When a shrimp gets into contact with the panels 
in the front part of the trawl, it will flick with the tail. and the direction of swirnrning is given 
by the orientation of the shrimp, the shrimp may swim against the net panel or away fiom the 
panel, the direction is more or less random. As the shrimp falls back into the trawl, this 
behavjour ceases, and in front of the codend the shrimp is relative passive, and most probably 
exhausted. Any kind of selectivity in the codend is therefore mostly due to passive filtration or 
a kind of "wash out" (Valdemarsen 1989). 
Fish 
UTV-observations of 0-group cod and haddock less than 15 cm in length recently settled onto 
bottom have shown that these size groups ofjuveniles have poor chances to be excluded by 
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the Nordmøre grid (Isaksen 1997). With as low trawling speed as 1.4 knots, the juveniles were 
observed to swim energetically in the same direction as the trawl, but were quite soon over- 
run by the grid, without making any attempt to move upwards towards the fish outlet. 
Conclusions 
Regarding size selectivity of shrimp, most of the devices tested up to date have given 
imperfect results. However, the grids have given some promising results, and based on the 
knowledge gained through the different experiments, the following criteria have to be fullfilled 
to give satisfactory size selection of shrimp: 
all shrimp have to be led towards and have a physical contact with the sorting surface; that 
is passive filtration. 
all shrimp should be length-oriented along the bar spacings; the shrimp are size selected in a 
grid due to its width, not its length. 
the bars should have a shape that prevents clogging. 
the grid should have a low angle of attack to prevent clogging. 
the shrimp not being sorted out by the grid should immediately slide away fiom the grid, 
that is; the surface of the bars should be very smooth. 
The few UTV-observations of small fish in shrimp trawls have shown that juveniles are more 
or less abandoned the water flow conditions in the codends, for instance behind a Nordmre 
grid. Passive filtration through a grid may be one solution, but would lead to a shrimp loss. An 
efficient solution for excluding small fish has to rely upon the swimming ability that exsists in 
fishes. A change of flow picture in the extention piece and codend, could give the smail 
juveniles of fish a possiblity to position themselves in low current areas, and subsequently a 
possibilty to escape. 
I 
SURVIVAL 
' 1  During the past decade there has been concern about the survival of fish escaping from fishing gear. Escapees may die as a direct result of physical damage and stress, or indirectly due to 
I reduced capacity to escape predators or resist disease fiom infections after being injured (Chopin and Arimoto, 1995). Since 1989 the Institute of Marine Research has been studying the survival of gadoid fish in Norwegian trawl fisheries. Experiments with roundfish trawls 
showed insignificant levels of mortality of cod and less than 10% of haddock after escape 
through codend meshes (135 mm mesh size) or after passing through a metal sorting grid 
(Soldal et al., 1993). In these experiments most of the fish were larger than 30 cm. However, 
the few smaller fish caught suffered a greater rate of scaie loss than larger ones, which in turn 
might lead to higher mortaiity rates for small than for large fish (Sangster and Lehmann, 
1993). The aim of the experiments reported here was to study the survival of young gadoids 
sorted out from a shrimp trawl by means of the Nordmrre grid. 
Materials and methods 
The trawl experiinents were carried out in two tjords in northern Norway: Ramfjorden (June 
1993) and Ullsfjorden (June 1994), fiom a coastal shrimp trawler (16 m, 270 HP). Trawling 
was performed at a depth of 50 m, towing for 30 min at a speed of 0.6 ms-' (1.2 knots). The 
Nordmrre grid was installed as described by Isaksen el al. (1992) in the extension piece of a 
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coastal shrimp trawl frequently used in Norwegian waters. The grid and the rigging of the 
trawl was as described by Isaksen et al. (1 992). 
During the experimental hauls a cover net made of knotless nylon (20 mm mesh) was mounted 
over the fish outlet to collect excluded fish (Fig. 4). This net was connected by detachable 
chain stitches to a 7 m long nylon cage (knotless, 10 mm mesh), held open by three aluminium 
rings (1 2 mm) of 1.7 m diameter (Figs. 4 and 5).  The end of the cage (1 m) was made of 5 mm 
knotless nylon to create a bucket effect during towhg. For control hauls the collecting cage 
was comected directly to the extension piece of the trawl (Fig. 6). To prevent large fish 
predators from entering the cage, a second metal grid was mounted in the cover net 
(expenment hauls) or trawl extension (control hauls). This grid was made of vertical 
aluminium bars with a spacing of 30 mm. Escapees for survival studies were collected fiom 
three hauls with sorting grid in 1993 and five in 1994, while two control hauls were made in 
1993 and three in 1994 (Appendix 1). 
After towing, the cages were released from the trawl at the fishing depth by means of an 
acoustic release, and anchored at 10-15 m depth close to the towing path. The cages were 
kept for five to six days in 1993 and eight to 12 days in 1994. Daily observations were made 
by a low-light underwater camera (Osprey SIT) lowered down the buoy rope (Fig. 7). In 
1994, dead fish were removed by divers three times during the observation period through a 
zipper in the cage floor, and brought to the surface for identikation and measurements. The 
fish in the cages were not fed. The sea temperature at the trawl depth was 4"C, while at the 
anchoring depth it was 6°C. 
In four hauls an RS 400 self-recordiig video unit was mounted inside the grid cover or the 
cage in order to record (a) the performance of the cover and cage, (b) fish behaviour during 
trawling and (c) fish behaviour during towing of the cages and anchoring. 
In 1994 the catches from three trawl hauls were analysed for scale loss. The trawl procedure 
and rigging were carried out as described above, but instead of anchoring the cages, they were 
slowly raised to the surface. The zipper in the bottom of the cage was opened, and the fish 
were allowed to swim out on to a submerged PVC tarpaulin, fiom which they were carefblly 
transferred by a plastic coated landing net to a seawater tank onboard the vessel. 
The degree of scale loss along the sides of the fish was assessed according to Main and 
Sangster (1988), where each side was divided into 10 segrnents and the fiaction of scale loss 
in each of them was visuaily assessed. For statistical analyses, we used a scaie loss index, 
calculated as the percentage of scale loss of each segment summed for each fish. 
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Species and length composition of the catches 
The target species of this investigation were primarily one-year-old cod, haddock and whiting. 
Few cod were caught in 1993 (19) and 1994 (16). Whiting made up a significant part of the 
catches in 1994, but were almost absent in 1993 
The length frequency distributions of haddock and whiting in the cages are given in Figure 8. 
According to estabiished lengthlage relationships for cod, haddock and whiting (Bergstad et 
n/., 1987), the fish in the cages were predominantly one-year-olds. Fish larger than 
approximately 32 cm were prevented from entering the cages by means of the aluminium 
sorting grid in the trawl opening. 
Fish niortality 
During the 1993 and 1994 observation periods no cod and whiting died in the experimental or 
the control groups (Table l). Only one haddock died, and this specimen was from the control 
group. 
Fish injuries 
The mean percentage of scale loss of each body fraction for cod, haddock and whiting is 
shown in Figure 9. For cod, the amount of scale loss was negligible. The amount of scale loss 
differed significantly from species to species (p<0.001, Kruskal-Wallis test). The total scale 
loss in whiting was higher than that in either haddock or cod (p=0.001 and p<0.001), while in 
haddock it was higher than in cod Op<0.001). The amount of scale loss was larger above the 
lateral line organ than below, and in haddock and whiting it increased towards the tail. No 
significant relationship was observed between fish body length and the amount of scale loss. 
Discussion 
This study of gadoids excluded from a coastal shrimp trawl with a diagonal deflecting grid 
showed that both cod, haddock and whiting had 100% survival rate atter an observation 
period of five to 12 days. These results support our earlier investigations, which showed no 
mortality of cod, and 96% (135 mm diamond meshes) and 92% (diagonal metal sorting grid, 
55 mm bar spacing) survival of bottom-trawl escapees of haddock (Soldal et al., 1991; Soldal 
et al., 1993) and 95% survival of haddock escaping from Danish seines (135 mm diarnond 
meshes (Soldal and Isaksen, 1993)). 
High survival rates in cod after escaping from trawls have also been reported by Main and 
Sangster (1991), DeAlteris and Reifsteck (1993) and Suuronen et al. (1995), while Jacobsen 
ei al. (1992) found a 97.5% survival rate among saithe (Pollachius virens) escapees. Sangster 
and Lehmann (1993) observed lower survivai rates (approximately 70-90%, depending on 
mesh size) among both haddock and whiting escapees from bottom- trawls. The survival of 
haddock escapees in a tank experiment (Jonsson, 1994) was, however, found to be low (30- 
50%). 
Fish that encounter a trawl are exposed to several kinds of physical strains, e.g. from 
swimming in front of the trawl, through hitting the net walls on their way back to the codend, 
as well as from possible skin injuries suffered while escaping from the codend. Several authors 
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have shown that physical injury incurred during capture may lead to death (see e-g. Hislop and 
Hemmings 197 1). The main difference between the selection method in the shrimp trawl used 
in this study and those used in the roundfish trawl experiments was the sorting grid. In our 
shrimp trawl, the fish were prevented fi-om entering the codend by the Nordmrre grid and 
passed through a fish outlet in the top panel. The fish did not pass through net meshes or 
between the metal bws of the Nordmrre grid to escape. Underwater observations during 
trawling showed that when a fish entered the trawl, it stopped and kept swimrning in front of 
the grid for a while. Soon, however, it calrnly rose and headed for the fish outlet. Except for 
an initial touch with the tail, the fish were not observed striking the metal bars. There is reason 
to believe that the risk of being hurt during escape is significantly less than for ordinary codend 
escapees, and lower mortality rates are therefore expected. This suggestion is supported by the 
fact that the scale loss analyses showed that haddock and whiting suffered less injury than 
codend escapees of these species in earlier experiments (Sangster and Lehmann, 1993; Soldal 
zf al., 199 1 ; Soldal and Isaksen, 1993). 
However, the fish taken for survival studies ran a higher risk of being hurt than fish that escape 
during ordinary trawling. In our experiment an aluminium metal sorting grid was placed in the 
trawl extension to prevent large fish fiom entering the cages. Although the spacings between 
the bars were large enough to ensure that the one-year-old gadoids could easily pass through 
the openings, the grid may have caused the fish additional injuries. The fish might aiso have 
been hurt while swimming inside the cage during towing and anchoring. These additionai 
experimental stresses, however, did not result in mortality in cod and whiting, but may have 
caused the single haddock death in the control group. 
The gadoids in this study were mainly one-year-olds. No O-group fish were present during the 
season when the experiments were carried out. Some earlier investigations have shown that 
there may be a negative correlation between fish size and the amount of skin damage of 
escapees (Sangster and Lehrnann, 1993; Soldal and Isaksen, 1993) and also between fish size 
and survival (Sangster and Lehrnann, 1993), aithough these results were not supported by this 
v. A recent study of the survival of O T g o l p  escapees in the shrimp fisheries off Iceland 
(Thorsteinsson, 1995) suggested a sigruficant mortality rate, but the number of specimens 
caught was too small to draw any firm conclusions. 
REFERENCES 
Anon. 1991. Sorteringsrist i reketrål - 1991. Rapport fia Kontoret for fiskeforsrk og 
Veiledning, Fiskeridirektoratet, Bergen (in Norwegian). 
Anon. 1996. Seleksjon i reketrål. Forsrk med ristteknologi og kvadratiske masker for A 
forbedre strrrelsesseleksjon i trDlfisket. TemaNord 1996 (in Norwegian). 
BAIO, A. 1996. By-catch and Selectivity Studies in The Shallow Water Shrimp Fisheries off 
Freetown, Sierra Leone. M. Phil. Thesis, Department of Fisheries and Marin 
Biology, University of Bergen, Norway. 
BERGSTAD, O.A., JRRGENSEN, T. and DRAGESUND, 0. 1987. Life history and 
ecology of the gadoid resources of the Barents Sea. Fisheries Research, 5: 119- 
161. 
CHOPIN, F.S. and ARiMOTO, T. 1995. The condition of fish escaping fiom fishing gears - 
a review. Fisheries Resewch, 21 : 3 15-327. 
De ALTERIS, J.T. and REiFSTECK, D.M. 1993. Escapement and survival of fish fiom the 
codend of a demersal trawl. ICES Marine Science Symposia, 196: 128- 13 1. 

Proceedings of tlie 7'' RussianMonvegian Symposiuin: Gear Selection and Sampling Gears 
MAIN, J. and SANGSTER, G. 1988. A progress report on an investigation to assess the 
scale damage and survival of young gadoid fish escaping fiom the cod-end of a 
demersal trawl. Scottish Fisheries Working Paper no. 3/88, 12 pp. 
MIKALSEN, L., 1997. Size Selection of Nothern Shrimp (Pandalus borealis) by Metal 
Sorting Grids in Shrimp Trawls. Cand. Scient thesis in Fishery Biology. 
Department of Fisheries and Marine Biology. University of Bergen, Norway. 
SANGSTER, G.I. and LEHMANN, K. 1993. Assessment of the survival of fish escaping 
from commercial fishing gears. ICES CM 1993/B:2, 10 pp. 
SOLDAL, A.V., ENGÅS, A. AND ISAKSEN, B. 1993. Survival of gadoids that escape 
from a demersal trawl. ICES Marine Science Symposia, 196: 122-1 27. 
SOLDAL, A.V. and ISAKSEN, B. 1993. Survival of cod (Gadris niorhlra) and haddock 
(Melmrogcrnlm~is aegleptns) escaping from a Danish seine at the sea surface. 
ICES Fish Capture Committee, FTFB Working Group Meeting, Gothenburg 19.- 
20. April, 1993, 8 pp. 
SOLDAL, A.V., ISAKSEN, A.V., MARTEINSSON, J.E. AND ENGÅS, A. 1991. Scale 
damage and survival of cod and haddock escaping fiom a demersal trawl. ICES 
CM 1991/B:44, 12 pp. 
SUURONEN, P., LEHTONEN, E., TSCHERNIJ, V. and LARSSON, P.-O. 1995. Skin 
injury and mortality of Baltic cod escaping from trawl codends equipped with exit 
windows. ICES CM 1995/B:8, 13 pp. I 
THOMASSEN og ULLTANG, Q. 1977. Report from mesh selection experiments on 
Pandalus borealis in Norwegian waters. ICES CM 1980/B:7. 1 l pp. 
THORSTEINSSON, G. 1995. Survival of shrimp and small fish in the inshore shrimp fishery 
I 
at Island. ICES Study Group on Unaccounted Fishing Mortality in Fisheries 
Aberdeen, 17.-18. April, 1995, 13 pp. 
VALDEMARSEN, J.W. 1989. Size selectivity in shrimp trawls. In Proceedings World 
I 
Symposium on Fishing Gear and Fishing Vessel Design. 1988. The Newfoundland 
and Labrador Institute of Fisheries and Marine Technology, St.Johnls, 
-ewfottdand. 
I 
VALDEMARSEN, J. 1997 Strrarelses- og artsseleksjon i reketrDI. Forsrk med kombirist og 
maskevidde i nykonstruert siamesisk tvillingtrD1 i Nordsjren med F F  "Michael 
Sars7' i juni 1996. Fisken og Havet, 1997 (in Norwegian). 
t 
VALDEMARSEN, J.W. 1993. Seleksjon i rekefisket. Rapport fra Senter for marine 
ressurser, nr 13- 1993. (Sluttrapport NFFR-prosjekt nr 4001 -70 1.248.) (in 
Norwegian). 
1 
VALDEMARSEN, J.W. and ISAKSEN 1986. Further Experiments with Radial Escape 
Section (RES) as fish-shrimp seperator in trawl. ICES CM 1986/B:29. 
VALDEMARSEN, J.W., ISAKSEN, B. og LARSEN, RB. 1990. Observasjoner av atferd 
til fisk og reke, og seleksjonsinnretninger i reketrål med M/S "Fjordfangst". 
Rapport fia Fiskeriteknologisk forskningsinstitutt, Fangstseksjonen, no. 0 1 -90. 
VALDEMARSEN, J.W. LEHMANN, K., RIGET,F., and JESPER, B. 1993. Grid devices 
to select shrimp size in trawls. ICES CM. 1993/i3:35. 
VALDEMARSEN, J.W. AND MIKALSEN, L. 1991. Preliminary tests with a grid 
arrangement to select sizes of shrimp in trawls. ICES FTFB WG-Meeting, 
Ancona, 22-24 April 199 1. 
Procccdings of tlic 7h Russian/Non\tgian Symposium: Gear Selection and Sampling Gears 
Table 1 .  Mean survival of haddock, whiting and cod in 1993 and 1994. 
Group 
Grid 
Control 
Grid 
Control 
Grid 
Control 
Grid 
Conuol 
Grid 
Contml 
Grid 
Control 
NO. of 
fish 
32 
7 
57 
2 
2 
1 
80 
2 1 
l I 
8 
6 
10 
Species 
Haddock 
Whiting 
C d  
NO. of 
deaths 
O 
1 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
Year 
1993 
1994 
1993 
1994 
- 
1993 
1994 

r Stimulating funnel 
Figure i .  Radial Escape Section - RES. 
Shtimo trawl 
Figure 3. The Nordmøre grid. 

Figure 3. Fish and shrimp size selector in fkont of the codends (FASS). Horizontai V-shaped 
rnode. 

Marker buoy 
2 pcs. 11" floats 
Acoustic releaser 
Shrimp grid l'
Figure 4 Rigging of the codend cover and case for catching fish escaping through the exit 
window in front of the sorting grid. 
10 mm block 
5 mm black 
knoiiess nylon 
1 5 mm wnite 
knotless nylon 
with 80 cm zipper 
Figure j.. Cage for coiiecting and observing fish. 

Marker buoy 
2 pcs. 11- floats 
Acoustic releaser + 
2 pcs. l l" floats . 
Trawi extension 
Figure 6. Rigging of trawl gear and cage for control hauis. The cage was mounted direcily 
to the open codend 
Figure7.. Anchoripg and observing of the cages. 
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Figure 8. Length frequency distribution of haddock (A) and whiting (B) in the cages. 

Haddock 
Whiting 
Figure 9. Mean sectional scale loss (B) of cod, haddock and whiting. 

Appendix Ib. Species composition, mem length and mortdity in the individual cages in 
1994. 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I I 
Cage 
no 
l 
2 
3 
I 
5 
6 
7 
8 
I 
Obs. time 
( d a ~ s )  
l I 
12 
12 
12 
1 1  
9 
9 
8 
I 
Group 
Grid 
Grid 
Grid 
Grid 
Grid 
Control 
Control 
Control 
Species 
Haddock 
Whiting 
Cod 
Herring 
Capelin 
Long rough dab 
Haddoc k 
Whiting 
Cod 
Plaice 
Haddock 
Whiting 
Capelin 
Witch 
Long rough dab 
Haddoc k 
Whiting 
Haddock 
No. of 
fsh 
12 
16 
2 
7 
52 
l 
l l 
13 
1 
1 
15 
l l 
58 
1 
3 
15 
18 
Mean 
length 
(cm) 
24.0 
25.9 
27.0 
18.0 
29 
26.0 
26.4 
16 
29 
24.6 
22.3 
42 
32.3 
24.5 
75.9 
Whiting 
Cod 
Herring 
Capelin 
Long rough dab 
Haddock 
Whiting 
Cod 
Hemng 
Capelin 
Long rough dab 
Whiting 
Cod 
Herring 
Capelin 
Witch 
Long rough dab 
Haddock 
Whiting 
C d  
Capelin 
4 -7.5 
O 
O 
1- 
48- 
1 
O 
O . 
O 
1 
1 69 
6 
O 
O 
1 
170 
I 
2 
O 
O 
O 
40 
O 
No of 
deaths 
O 
O 
O 
1 
52 
1 
O 
O 
O 
l 
O 
O 
58 
I 
3 
O 
O 
O 
O 
lo0 
100 
1 O0 
O 
O 
O 
1 O0 
1 O0 
100 
O 
O 
100 
99.4 
l O0 
100 
O 
O 
O 
100 
20 
'I 
2 
I 
48 
1 
l 
9 
4 
1 
169 
6 
8 
2 
1 
171 
1 
2 
1 
4 
4 
40 
&lortality 
(5%)  
O 
O 
O 
SS 
100 
100 
O 
O 
O 
100 
O 
O 
100 
100 
100 
O 
l o  
25.9 
22 
18 
26 
2 1 
24.8 
18.3 
12 
22.2 
25.1 
27.5 
13 
40 
25 
23 
75.5 
26.5 
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SAMPLING GEARS* 
Institute of Marine Research, 
P.O. Box 1870, N-5024 Bergen, Norway 
INTRODUCTION 
When doing a job, the quality of the result is dependent on the applied tools. For a long time 
standardisation of gear and procedures have been more emphrsised than development of 
improved sampling tools. In fact I use to say that survey methodology is the only ((scientific 
inethod)) where ignorance is preferred for knowledge. This has the basis from survey 
development when possibilities to observe the underwater reality was very lirnited. To day the 
situation has changed. A leaping technological development have opened new possibilities to 
enter into «new rooms» with exiting new information about the ((unseem underwater scene 
where the standard trawl has "wandered its own ways" for several decades. 
Bottom trawls of different types are the most frequently used quantitative sampling tools for 
demersal fish. Normally a commercially developed trawl has been used and sometimes adjusted 
for sampling application. The simplest adjustment is an insertion of small meshed liner in the 
codend. 
The vision for the fiiture is to develop equipment, procedures, routines and selection models 
which enable estimation of absolute density of fish based on trawl samples. 
OBJECTIVES 
1 There is a long way to go before this vision can be achieved. Firstly, we need to develop a 
-*-q& _ a f l d - s ~ ~ l ~ w e h ~ - I e t - ~ u t -  s e l & d  
I loss of fish in the catching phase, but the coherence to absolute numbers is still unknown. 
Just as important is the development of sampling routines and strategies adjusted to the above. 
To achieve this goal, there is need for a much broader internationally co-ordinated 
development effort. 
STATUS 
Today we to a great extent set the trawl and hope the best. At least this was the case at the 
start of survey time series. To avoid efGects on the unknown variability, normally rigid 
standardisation is designed. Development of technology and general knowledge of fish 
behaviour and distribution very weU demonstrate that the old strategy is sub-optimal. Earlier 
ignorance could be used as an excuse for inaccurate estimates. Today we have to use available 
technology and knowledge to optimise sampling gears and routines. 
Surveys originated during a period with much less knowledge. The standardisation strategies 
developed under those conditions have been maintained. There is stiU a very strong resistance 
towards any change in fear of invalidating long time series. 
This paper \vas never presented as a proper manuscript bul was a last minute jump-in for Stephen Walsh who 
tvas abseiit froin the Sylttiposiuin (Editor S note). 
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The catching process starts at the moment the fish are affected by the vessel. Several studies 
have shown that this occur for several species in fiont of the vessel - at least when they are 
distributed close to surface or in shallow waters. The next phase is in the zone between the 
vessel and the trawl. The fish are subsequently affected by the «doors and sweeps)) before they 
enter the ((trawl opening)) and the «trawl» itself (Fig. l). 
When fish are distributed close to the surface or in very shallow water they can be herded by 
the «butterfly» sound distribution of the propeller (Fig. 2). 
In the vessel -trawl zone avoidance reactions towards the bottom for gadoids and to the side 
for herring has been documented. The escarpment towards the bottom will improve the 
catchability of a bottom trawl, but this reaction can also be associated with some sideways 
movement with potential loss to the area swept by the doors. To what extent the warps afFect 
fish movements in the catching process is unknown (Fig. 3,4,5). 
The next direct stimuli the fish get is from the trawl doors. Reaction patterns in front of the 
doors are uncertain. The doors have a direct herding effect and later an indirect through the 
sand clouds they generate. In the sweeping zone the sand clouds together with the sweeps herd 
the fish towards the path of the trawl (Fig. 6,7). 
A critical phase for representative sampling is when the fish enter the trawl opening. The fish 
often stop here and try to keep up with the speed of the trawl. Potentially, fish may escape 
both under and over the trawl (Fig. 8). 
Witliin the trawl, the only possibility for escape is through the meshes. 
Based on what we know on behaviour of target species decision should be taken towards trawl 
construction and operation which minimise number of escapes. 
The mesh size of the codend has to be small enough to retain all siize groups of interest. Small 
mesh size reduce water filtering capacity and may cause unwanted water flow in transition 
zones, particularly in fiont of the codend. Smooth transitions in mesh sizes between panels and 
Droper filterinn capacity is important to avoid loss of fish in this area. Also the panel angles 
must be kept smooth to avoid collision of small fish against the netting and subsequent loss. 
We want the trawl as large as possible to filter as much water as possible. The size of the 
opening is, however, decisive for the lift of the trawl and, hence its bottom contact. The 
ground gear weight has to be related to the size of the trawl opening to maintain bottom 
contact. Further, the constmction of the gear (discs, rollers and spacers) is important for the 
loss of small fish under the trawl. A dense rockhopper ground gear - as heavy as possible - has 
appeared the best solution in many areas where this problem has been studied 
To avoid loss of fish in the sweeping zone the angle of the sweeps must be small enough 
(12-15') to keep the sand clouds from the doors close to the sweep wires. 
The doors must be heavy enough and constructed for running on bottom to maintain a 
constrrnt bottom contact and sand cloud. 
Current methodology normally set standards demands on 
trawl construction and rigging, 
the geometry and performance, and 
procedure and routines. 
The following up of standardisation has, however, not always been the best. To maintain a 
constant sampling unit a strict control of all details which aEect geometry and performance is 
needed. 
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It is known that small deviance fiom the standard construction and rigging may have severe 
effects on trawl performance and efficiency. Standardisation need a well specified manual on 
the construction and strict control routines on how to control the standard and what actions to 
set under different circumstances. 
Trawl geometry and performance can now be monitored through use of trawl instnimentation. 
This help substantialiy in irnproving standardisation of a trawl sarnpling unit. 
Trawl instrumentation has become a very valuable to01 in understanding variability of tralvl 
geometry and performance. The data als0 form a much better basis for improving the sampling 
tool. Door or wing spread gives good measures of the area swept by the trawl (Fig. 9, 10). 
The height sensor gives the vertical opening of the trawl and hence the sampling volume 
together with a spread sensor. In addition, this sensor has been the most important source of 
information on trawl performance. Bad bottom contact can be detected and when comparing 
with the spread sensor, it is easy to see when something is seriously wrong. 
The speed sensor can be used to measure speed through water instead of the usual speed over 
ground. 
Without any action trawl geometry will normally change with depth, or more correctly, with 
length of warp paid out. This lead to substantial differences in swept area if the survey area 
vary much in depth. 
This can be tackled through: 
post sampling compensation based on actual measures of swept area, 
i during sampling compensation in warp length to keep swept area constant as measured by 
trawl instruments, 
use over sized doors and a constraint rope to maintain constant door spread under all 
I conditions. Constraint rope has been introduced in the Nonvegian winter survey over a period of 3-4 years 
- 
I (hg. llJ7-A- W g h m e p t  h sensor is usedtokeepheight of rope and, hence, anglmf warp constant. 
We have had paradigm shift in survey methodology: fiom standardisation based on ignorance 
I to standardisation based on knowledge. It is important to develop the needed procedures for this approach. When an inefficiency of the sampling gear is detected, development to avoid the 
problem should be initiated. When this is available it should be properly calibrated with the old 
standard before introduced in surveys. The calibration results can be used to correct history. 
This approach will improve the hture, while the past maintain its bad quality. Most important 
is, however, that we still have a valid time series. The time series maintain in theory a constant 
accuracy over time while precision obtained with the new development is improved. 
Survey sampling, i.e. representative (and quantitative) sarnpling, is a relative new branch of 
science. We have now entered a new era when development of observation tools are very 
rapid. Hence, the potential for irnprovements in methodology is enormous. In fact is to much 
for one institution and one country to manage. I think there is a large potentiai for 
improvement if international co-ordination and standardisation was chosen as strategy for fast 
improvement. A good exarnple is the first step of such co-operation between Canada and 
Norway. A good start would als0 be to organise and co-ordinate such work between Russia 
and Norway in the Barents Sea. 
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Fig. 1. Critid phases in the sampling process. 
Fig. 2. Horizontal herding in the "buttedf' d field cr;eated by the m e y  vessel propeller. 
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Fig. 3. Vertid herding in the sound field of the created by the propeller. 
Fig. 4. Vertid herding can channel pelagidy distributed fish into the bottom sampling trawl. 
A main question is how stable this reaction pattem is and to what extent it can be masured 
a d  modeiled. 
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Fig. 5. Vertid herding may als0 guide peiagic M to outside the path of the trawl. 
Fig. 6.Selection at the doors and in the sweeping zone. 

Fbceabgs of the p RmsiadNonvegian Symposium: Gear Selection and Sampiing Gears 
Fig. 7. Procedures 
to maintain correct 
sweep angles are 
important for the 
sweeping efficiency. 
L 
Fig. 8. Selection in the 
C 
trawl openllig has been 
shown to be the most \ critid phase for 
- , - i- p- 7 - . 
representative = P l i n g  
of a lot of species 
in many areas. 
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Fig. 9. Monitoring trawl geometry is crucial for the quahty control of bottom trawl performance. 
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Fig. 10. When depth change substantialiy during the survey trawl geometry d change 
systernaticaiiy . 
Fig. 1 1. The use of constraint rope and trawl hstmmentation to secure correct warp angle. 
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ON CATCHABILITY OF SAMPLING TRAWLS 
AND PERSPECTIVES OF TRAWL SURVEYS 
M.LZaferman, V.LTretyak and N.A.Yaragina 
Polar Resear& Institute of Marine Fishenes 
and Oceanography (PiNRO), Murmansk, Russia 
The resulis of irawl catchability investigatiom having been conducied before to estimate the commercial fish 
siocks by means of the h\vi sinvqr wae analysed. Ihe archability coefficient wlues calcuiated kiled to be 
applied in practice due to their strong variability and insutEicient aaxmcy. Howewr, the necessity of kw1 
sunq conduchg has remained to be achial in vim of the shortcomings comman to the acoustic rnethod 'Ihe 
anabsis allo\ved a numba of reasons of catchability ccdkicnt mannemat e m  to be f d  and the ways 
of thcir corrcciing to be reannmended. 
In the 80s in PINRO the investigations were conducted to determine the trawl catchability 
coefficients (CC) by the instrumental method. The necessary parameters for the quantitative 
assessment of fish stocks by means of trawl survey were planned to be obtained. However, the 
results of investigations had risen a number of doubts and the works were stopped then. Now 
the data of trawl surweys are not used for quantitative assessment. 
I By this time some new information on the peculiarities of underwater observations and catch 
~ t a t i s t i c s  hasibeen a- t h a t w e d  the resultsavin g been obtained before to be 
verified. 
This paper is aimed at analysing the probable reasons of errors and discussing the possibility to 
obtain the reliable data on trawl catchability. 
METHOD OF CATCHABILITY INVESTIGATIONS 
CC was estimated by the way of determining the density of fish concentrations in fiont of the 
trawl by means of underwater observations fiom the "Tetis" towed underwater vehicle and 
comparing the catch with the number of fish in the area trawled. The density of concentration 
was determined by counting the number of fish differentiated by size groups in the bottom 
band observed. The method is presented in details in methodical directions (Zaferman, 
Serebrov, Popkov, 1987). Length composition of fish in situ was determined by sight, on the 
basis of experiments on testing the submersible observers (Zaferman, 1989), which showed, 
that the standard deviation of the fish length visual estimation was equal to 15-20%, that rnight 
be regarded as acceptable. 
AAerwards, the change, not published, but reflected in cruise reports, has been made in the 
method. The width of the bottom band observed fiom the submersible porthole was enlarged 
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to the border of zone illuminated, that was close to the underwater visibility range, instead of 
its having been limited by the porthole h e s  when using the initial method. 
The data on CC for cod and haddock obtained during investigations in the 80s were analysed 
by means of revealing possible errors of visual evaluations during underwater observations and 
processing the primary data by mathematical methods. Calculations were made using MS 
EXCEL and STATISTICS software. 
RESULTS OF CATCEIABiLITY INVESTIGATIONS 
The results of investigations and CC values obtained are presented in the number of papers 
(Zaferman, Serebrov, 1984, 1 985; Methodical directions.. ., 1 987; Serebrov, 1 988, 199 1 ; 
Serebrov, Tarasova, 1993). Not dwelling on the concrete figures we should notice that, on the 
whole. the following was found: 
1 .  CC is maximum for the specimens of the medium size and sharply decreases for both small 
and large ones for all fish species investigated (cod, haddock, "golden redfish" Sebastes 
marinus, long rough dab) as well as for shrimp. It is impossible to design a trawl which can 
catch fish of any size equally. 
2. In all the series of measurements CC, either averaged or differentiated by the length-age 
groups, is highly variable: the standard deviation, as a rule, is more than the arithrnetic mean 
(Table 1). 
3. Significant variability of CC average value for the same fish species is observed: in different 
series of measurements extremely different results were recorded (Table 2). 
4. Calculations of fish abundance by the data fiom the trawl-acoustic surveys indicated that CC 
values were overestimated, especially, for the young age groups, that resulted in the 
underestimation of the stocks. 
The latter two circumstances did not permit the data on CC to be used for calculating fish 
abundance by the results from the trawl surveys, as it had been planned before (Shevelev, 
Mamyiov, Yaragina, 1988), i.e. the task undertaken was not implemented. As a result, we had 
to leave off estimating fish abundance in the near bottom layer with the aid of bottom trawlings 
since 1988 and at present fish stocks of the Barents and Norwegian Seas are being estimated 
by the acoustic way (Shevelev, Dorchenkov, Shvagzhdis, 1989). 
However, the shortcomings, inherent in the acoustic method, did not allow the problem of fish 
stock estimation to be considered as solved (Zaferman, 1994): 
1. Acoustic estimation of fish in the bottom dead zone is incorrect; the link between catches by 
the bottom trawl and echo sygnal fiom the near bottom layer is rather weak - by many data, 
the coefficient of correlation is equal to 0.2-0.4. 
2. Calibration of the acoustic system in the density units is uncertain, since it is based on the 
fish target strength estimation in scattered concentrations without regard for the differences in 
fish behaviour in different twenty-four hours time. 
3. The echo signal separation by fish species is out of keeping with reality, since it is based on 
tlie analysis of trawl catch, which differs fiom natural concentration; besides, species 
composition in the near-bottom layer is different from that one in the pelagic layers due to 
different vertical distribution of different fish species. 
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Therefore, it is reasonable to consider the possibility of using the trawl survey data to estimate 
stocks of bottom and near-bottom fish anew. We analysed methods of determining and 
processing the trawl catchability coefficients, used during the investigations in the 8Os, with the 
purpose to detect the reasons of inaccuracy of CC estimates. 
DISCUSSION 
Insufficient knowledge of the peculiarities of underwater observer visual perception was one of 
the reasons of CC underestimation. As a result of the observed bottom band widening in the 
changed method, the part of fish was found to be at the significant distance fiom the vehicle 
close by the visibility range. But the visual evaluation of underwater visibility range is, as a 
rule, exaggerated due to some peculiarities of the psychology of an underwater observer. 
Therefore, the objects (fish) occurring close to the visibility range seem to be located fiirther 
than the real distance to them. As object angular dimensions do not increase for this, their 
linear dimensions seem to be larger than the actual ones, following the perception constancy 
law (Kudryavtseva, 1982) (Fig. 1). Apparent size enlargement of objects occurring close by the 
visibility range is similar to the well-known illusion causing the Moon to seem to be enlarged 
near the horizon (Minnaert, 1949). Thus, some small size fish are regarded as relating to the 
larger size groups. This results in the underestimation of their abundance in the area surveyed, 
hence, the overestimation of their CC and the abundance underestimation when surveying. 
Change of abundance and CC are smoothed over in the medium size groups: though in 
obseiving some fish are added flom the younger age groups, but the other ones are shified to 
the older age groups. And so, this effect, influences, mainly, the youngest fish age groups 
(during the experiments on cod CC estimation it was 6-15 cm size group, i.e. fish ased 0-1). 
The estimation accuracy for these age groups is especially important for forecast. 
1 Moreover, in the case of evaluating the width of the band observed by the border of zon- illuminated by the floodlight it is impossible to say about any acceptable accuracy for due to 
the light scattering this "border" is highly washed away, the distance to it is determined by si;ht 
I and fish may be observed far outside. 
The deficit in counting fish number during the underwater observations makes its contribution 
to CC overestimation. Experiments showed that the probability of objects to be found was 
equal to 1 at the distances up to 3.4 m and then decreased reaching O at the visibility range 
limit (about 7 m) (Krieger and Sigler, 1996). This concerns, in a greater extent, the small size 
fish, since the volume of observer's attention relative to them decreases in the presence of the 
larger specimens. Large fish are more attractive for an observer, than the small ones, whereby 
the probability of detecting the latter may be even less, especially, with a wide band of bottom 
observation and rather great speed. 
Insufficient accuracy of fish length visuai determining introduced a certain error to the results 
of CC measurements as well. Owing to this, the length distribution of fish observed and their 
CC had to be divided into size groups with 10 cm interval while, as is generally known for 
cod, dividing into groups with 5 cm interval is the most exactly correspondiig with age 
composition. In such a way, each CC size group included different year-classes distinguished 
by both their abundance and, perhaps, behaviour characteristics. As the difference in behaviour 
(vertical distribution, swimming speed, reaction to the fishing gear) is the most noticeable in 
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the youngest neighbouring age groups (fingerlings and one-year-olds), CC for these groups 
should be essentially different. 
A serious reason of CC overestimation and, hence, underestimation of fish abundance during 
the survey relates to choosing the law of distribution of values measured. During the 
experiments in the 80s the distribution of CC values was considered as normal and the 
arithmetic mean from the measurement series was taken for the expectation. However, it is 
known from experience, that the catches of marine organisms at any ontogeny stage conform, 
as a mle, to the lognormal law of distribution, therefore, the arithrnetic mean is not the 
expectation estimate of random variable. Unfortunately, there is a minute quantity of 
representative measurements available, but the analysis indicated that their distibution within 
every size group agreed with or, at least, did not contradict the lognormal law. Fig. 2 shows 
that the distribution of CC measurement data for one and the same cod size group is much 
closer to the lognormal law than to the normal one. So it can be seen in other size group as 
well, where enough number of data is available. 
Correlation of catchability coeEcient distribution with lognormal law of probability 
distribution is corroborated by the citerion of Kolmogorov-Smirnov (d = 0.129; p > 0.20) 
and more sensitive criteria of Lilliefors (p < 0.20) and Shapiro-Wilk (W = 0.935, p 0.20). 
In the case of lognormal distribution the expectation of data on CC is essentially less (m 1.5-2 
times) than the arithrnetic mean (Fig. 3). This, to a great extent, explains the noticed 
underestimation of cod abundance by the results fiom the trawl surveys. Using CC calculated 
in accordance with the lognormal distribution will allow this shortcorning to be overcome, 
since the abundance estimate of each age group is inversely prcportional to the value of CC 
expectation. 
CONCLUSIONS AND RECOMMENDATIONS 
4 
The analysis showed that it would be possible to elirnina-te errors comrnitted during 
experiments and obtain reliable values of CZ for calciilating the =ommercia1 fish stocks. In this 
connection, CC of bottom trawls should be estimated during experiments at the modern 
technical level of data collecting and processing. Fiis would permit the reliable data to be 
obtained as differentiated by fish size groups and the ztock estimate to become more precise. 
The video computer system on the basis of the towed "Ocean Rover" should be used as an 
equipment for collecting data on the density of fish concentration in front of the trawl. This 
system was constmcted in PINRO and has been successfiilly being applied to estimate the 
Iceland scailop stocks. To use it for fish when CC estimating, some additional hardware and 
software correction will be required. 
As an irnmediate task, it would be reasonable to develop the method of CC determination, 
excluding the subjectivity of estimation, and to conduct experiments in the sea. These 
investigations are desirable to be carried out by PiNRO in collaboration with IMR. 
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Table 1. Catchability coefficients (above the line) and their standard deviation (under the line) 
by the data fiom cmises in 1987 
I Table 2. Differentiated trawl catchabiiity coefficients (CC) for cod (bottom trawl 41,7/39,6 
Fish 
species 
Traivl 3 1.2127.3 m. 1 25 mm mesh size in the codend: 
Fish length, cm 
6-15 1 16-25 1 26-35 1 36-45 1 46-55 1 56-65 1 66-75 1 76-85 1 86-95 
Cod 
Haddock 
with 1 6 mm mesh size in the codend) by various references. 
Trawl 3 1.2127.3 m, 16 mm mesh size in the codend: 
1.400 
3.784 
0.465 
0.635 
0.303 
0.429 
0.010 
0.007 
TWVI 4 1.4144.1 in, 16 mm mesh size in the codend: 
Sererbrov and 
Tarasova, 1993 
0.002 
0.129 0.089 0.057 0.019 
0.338 0.102 0.059 0.047 
Serebrov, 1991 
0.030 
Size groups, cm 
6-15 
0.177 
0.395 
0.361 
0.522 
0.5 16 
0.999 
0.101 
0.134 
Zaf%rman et al., 1987, 
Serebrov, 1988 
0.017 
C d  
Haddock 
1.194 
2.652 
0.189 
0.207 
0.228 
0.237 
0.874 
0.350 
0.364 
0.336 
0.365 
0.273 
0.081 
0.084 
0.595 
0.166 
0.177 
0.188 
0.198 
0.322 
0.933 
0.642 
Cd 
Haddock 
Traivl4 1.4M4.1 in, 125 mm mesh size in the codend: 
0.320 
0.399 
1.804 
2.354 
0.003 
0.012 
0.138 
0.324 
0.282 
0.348 
0.015 
0.043 
0.160 
0.188 
0.430 
0.464 
0.441 
0.609 
0.412 
0.239 
0.1 18 
0.168 
0.326 
0.41 1 
C d  
Haddock 
0.389 
0.361 
0.813 
0.841 
0.061 
0.076 
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a 
Visibility range 
< Bottom band obsenred 
Apparent objed location 
7 
Bottom band observed 4 \ Adual obied location 
Fig. 1 .  Scheme of appearing the illusion of fish size enlargement close by the underwater 
visibility range: 
a - initial method (Zaferman et al., 1987); 
b - method of observing the bottom band within the illurninated zone up to visibility range. 
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"- N- O N b- * m .- c'! 
4 4 0 0 0 0  v 
a C a t M i i i  cmdilaed (E) 
T y y c ? c y y o F  
Logarithm of CC 
Fig. 2. Histograms and fiinctions of probability densities o f  normal distribution law 
of catchability coefficient (a) and its common logarithm (b), in relation to cod size 
group 26-3 5 cm. Bottom trawl41,7/44,1 m, with 16 mm mesh size in the codend. 
1 - number of measurements; 2 - probability density 
(By the data tiom cmises in 1987) 
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U) 
r l l l I ! t ! $ # !  r 
Fish length, cm 
F i i  length, cm 
Fig. 3. M o n  of wt&bhy d c i e d  (CC) for cod when using aiffacm types of 
distribution: 1 - I K ) I ~ ,  2 - 1 0 g ~ , d .  
Bottom b-awi: a - 3 1,227,3 nq b - 41,7/44,1 m; 16 mtn niesh m the &. 
The vahies of CC are coincided m extmm points in fig. 3b, because thqr are ones 
and only for these size groups. 
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BRIEF REPORT ON THE EFFICIENCY 
OF RUSSIAN AND NORWEGIAN GEAR 
USED FOR ASSESSMENT OF ICHTHYOPLANKTON 
N.V.Mukbina and 0.V.Smirnov 
Polar Researd1 institute of Marine Fisheies and Oceanography (PINRO), 
6 Knipovich Streei, Murmansk, 183763, Russia 
In April 1993 in the area of the Nonivegian SWow Nonivegian and Russian veseis 
simultaneousiy conducted a work on comparison of mtchability of fistung gears used fer 
ichthyopiankton collecbon, particularly for fishing of iarvai herring. Over the area reshicted by 
62"- 67% and 4'- 12OE 10 pairs of vertical and 10 p& of horizwtal hads were made. The 
Russian vessel used only W-80 nets and Nonivegian vessel used T-80 when dohg vedcal 
hauls and Gulf ID during horbontal hauls. Fishing gears were of clifferait design and netting. 
Cmparison of the efficiency of gears in u s  showed that whai doing verticai hauls the amount 
of iarval herring optured by MS-80 was 2.5 times higher than that taken by T-80 and during 
horkontal hauis it was 1.6 times higher compare to Gulf111 ampler. 
When studying plankton distribution, plankton nets are used, the first design of which was advand 
in the middle of the past century. Since the4 tens of different kinds of nets were designed to reach 
various aims. However, the rnajority of nets because of difkent reasom do not give an adequate 
information on the abundance of plankton in the water which causes the use, along with nets, of 
I other methods to estimate concentrations of mesoplankton such as large water bottles, p 0 4  pumps, acoustic and laser sounding of water coloumn e%. (DJachenko, 1960; Shapiiro, 1971; 
Solemdal and Elertsen, 1984). These methods are als0 have their restridions, hence, until now, 
particulady in the marine resear&, plankton nets remah the most comrnonly used gear for 
quantitative samplmg of plankton. 
Uneven plankton distribution and different catchabiity of fishing gears do not aUow to estimate 
adequately the composition and concentration of plankton in various areas, therefbre many of the 
researchers cany out parallel hads with nets of different design. 
Both Norwegian and Russian researchers when fishing k r  plankton and ichthyoplankton use similar 
gears. The aim of the paper is to show the efficiency of IKS-80, T-80 and Gulf IIi samplers when 
fishing for larval herring in the area of Norwegian ShaUow. 
MATERIAL AND METHODS 
Collection of data to determine comparative catchabiity of fishing gears used in Russian and 
Norwegian ichthyoplankton surveys was conducted in April 1993 on the Norwegian ShaUow in the 
areas of concentrarions of larvai spring-spawning herring (Fig. 1). Ten joint stations were made. 
At each station, fiom the Russian research vessel "Akhili", vertical fishing of 0-150 m layer was 
made by KS-80 net (egg cone net with aperture of 80 cm diameter and netting mesh SUR of 
5643~55~) and horizontal fishing of 50 m depth by the same net at the vessel circulation with the 
speed of 2.5 knots during 15 min. Sink and li of the net was done at the vessel's stop. 
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From the board of Norwegian research vessel 'Michael Sars" vertical fishing of 0-150 m layer was 
done by T-80 net (aperture diameter was 80 cm, netting mesh s i i  of 375p) and skewed fishing of 
0-60 m depth by Gulf III plankton sampler was conducted when vesseI's running at the speed of 5 
knots in the diiection of the next station. Sketches of nets are presented in Fig. 2. 
All larvae in the sample were calculated. In the event of large amount of mesoplankton in the 
sample, a certain part of it was taken, from which larvae of all the fish species were taken followed 
by conversion to the whole sample. When comparing atchability of different fishing gears 
calculation of larval hemng was made for one 15 min. haul. 
Catchabiiity of net depends mostly on its filtration abiiity, which in its turn is closely co~ected with 
mesh size, speed of towing, duration of fishing and avdability of mucous products from 
fitoplankton vital activity (Kovalev, 1980; Vinogradova, Gorbunova, 1983). Catchabiiity coefficient 
of iKS-80 net is ranged within 69-89%, that of T-80 net is accepted as 10W (Shapiro, 1971). 
Results from hauls are presented in Fig. 3. Calculation of comeiation coefficients showed close 
certain relation between the results of vertical hauk by MS-80 and T-80 nets (14.76, m4.23, 
i+=5.09). That means that these fishing gears refled adequateiy the variabiity of abundance of larval 
hemng in the study area. Despite the fact that pair stations were made by vessels in the same 
positions, variabiity of catches taken by IKS-80 net was 1.8 times lower than of catches taken by 
T-80 net (coefficients of variation were 103% and 181%, respectively). On the one hand it muld be 
explained by "spotted" distribution of plankton, on the other hand by more stable work of IKS-80 
net. In the whole catches taken by this net were 2.5 times higher and the mean catch (343.e112.2 
spec.) was statistidy certain with 0.98 probabiity unlike T-80 net, the rnean catch of which 
(138.e79.5 spec.) was not certain (ody 0.88 probability). Having negligible amount of the material 
it is premature to conclude something essential, however, it is possible thai the above mentioned 
dgerencies could be somehow related to better catchability of IKS-80 net, caused by lesser 
hydrodynamic resistance because of larger size of its m&. Such differenues in catchabii of 
fishing gear can entail the dicreapancy when a n m g  distribution and caiculating some quantitative 
indices. 
Joint works clearly dernonstrated that it is somewhat incorrect to accept atchabiity coefEcient of 
T-80 net as 1 W?. Along with it, it is quite possible on the basis of large set of observations to find 
a transition coefficient between data on vertical hauls of both nets. 
No relation is found between catches taken by Gulf Ei sampler when covering 0-60 m layer and that 
taken by KS-80 net when fishing in 0-50 m depth. Ody in three hauls arnong 10, catches taken by 
Gulf III sampler exceeded those taken by IKS-80 net (Fig. 3). In average catches by MS-80 net 
were 1.6 times as large as those taken by Gulf III sampler. High catchabiity of MS-80 net as 
compared with Guif ID sarnpler is explained by lesser towing distance and larger mesh size of 
netting which is less clogged with phytoplankton and smal h s  of zooplankton when fishing of a 
particuiar depth (Longhursi, Wfiarns, 1974). 
Thus, results of comparative catches showed catchabiity of IKS-80 net to be higher than that of 
T-80 net and GulfIII sarnpler. 
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Fig. 2. Sketches of different plancton nets: A - Gulf III high-speed sarnpler; B - IKS-80 
and T-80 (difference only in mesh size). Scale bar represents approximately 2 m in each case. 
Horizontrl hauls 
2500 I 
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Fig. 3. Comparison between Russian and Norwegian gears. 
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CATCHABILITY OF RUSSIAN AND NORWEGIAN 
SAMPLING BO'ITOM TRAWLS 
by 
L L  Serebrov and S.F. Lisovsky 
Polar Research Institute of Marine Fisheries and Oceanography (PMRO), 
6 Knipovich Street, Murmansk, 183763, Russia 
ABSTRACT 
To conduct tralvI surveys of gmndfish in Russia and Nomy two different types of boilom 
tra\vls are used. They are 41.7J44.1 m in Russia and Campel-1800 in Norway. Relative catch 
taken by them was e x a n d  during 5 pairs of parailel l-hour tows made on ood cmcmtmtions 
in the Baraits Sea in 1992. Catch taken by the Nomegian trawl equipped with "rockhopper" 
grouiidrope \\las by an order higher tim that cauglit by the Russian trawl in relation to fish up to 
25 cm long and as for fish 36-75 an long the Nomegian catch exceeded Russian catch several 
times. At the same time, variability of catches of small fish by C-1800 trawl was higher than 
that of Russian trawl, which was probably caused by &c m r k  of the "rockhopper" 
g r o e .  In 1995, a trawl andcgous to C-1800 was maoufactured of Russian materials and 
comparison trials of these two trawls were conduded on cod conamtrations during 6 pairs of 
q n h o u s  tows. Catchabi of the Russii  anaiogous trawl in relation to fish of 6-15 an 
long was three times lower and in other s k  groups it was neariy the same as catchabrlrty of the 
Norwegian trawl C-1800. Relative catch of Russian and Norwegian sampling trawk was 
compared to data on absolute catchability of Russian trawl obtained &er in the course of 
specia1 investigatim. The approximate estimates of absolute &chabidity of the Norwegian 
sampling bawl in relation to cod of diflhent length were gained. 
I INTRODUCTION 
P P 
1 To carry out annuai trawi-acoustic surveys of groundfish Russ~an ana norwegian researcners use sampling trawls which differ fiom each other in design and rigging, relative and absolute 
catchability. A knowledge of characteristics of their relative catch is extremely important when 
I comparing results fiom Russian and Norwegian surveys, and data on absolute catchabiity can find their application in calculation of stocks by catches taken during sampling tows. 
Relative catchability is a ratio of sizes of catches taken by two trawls during synchronous fishing of 
one concentration on parallel courses. 
Absolute catchability of trawl 0 by dehition of F.1.Baranov (1918) is c h a r a c t d  
quantitatively by ratio of catch, C, to abundance or biomass of fish "in the haul area", that is in the 
fishing area, Q: 
where C and Q can be expressed in both numerical and weight d u e s .  
This coefficient, as it is seen fiom formula (1) can be used not only to compare dciency of 
different sampling trawls but for backcalculation by catches obtained during survey for abundance, 
Q, and density, p, of concentrations fished: 
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where S is fishing area. It can be taken to be equal to 
where La is horizontal opening of trawl; P is towhg distance of trawl on the ground. 
If caiculation of density using formula (3) are made for a sufiiciently large number of tows done 
according to a certain grid of stations, then they can be used for independent (of acoustic 
measurements) quantitative estimation of bottom concentratiom and stocks of marine organisms. 
M A T E M  AND METHODS 
Since 1982, PINRO scientists have used for surveys of groundfish in the seas of the European 
North 41.7144. l-m trawl with groundrope equipped with steel bobbins of 400-500 mm diameter 
and small-mesh (8 mm knot-to knot) insertion in the codend (Fig. 1,2, 3). At standard 90 m length 
cable its horizontal opening between otter boards constitutes 80 m and between wings 24-26 m, 
verticai opening is 7.5-7.0 m at average towing speed of 3.5-3.7 knots. 
Norwegian researchers for surveys of groundfish use small-mesh shrimp trawl Campel-1800. 
Initially it was equipped with groundrope with bobbins and fbrther with "rockhopper" which 
allowed to increase catch of small fish (Engis and Godni, 1986). Horizontal opening of this trawl 
between otter boards is 1.26 times lower than in Russian trawl and mean towing speed is 3.0-3.2 
knots. The area swept by Campel-1 800 trawi is 1.46 times lower than that covered by the Russian 
trawl41,7144.1 m taking into account differences in speed and horizontal opening. 
Relative catch of those two trawls was studied in 1992 when towhg pardel courses on cod 
concentrations in the southem Barents Sea (Serebrov and Lisovsky, 1993). 
Tows were made fiom "Professor Marti" and ' M a  Arendzee", vessels of similar types having 
similar power plants. 5 pairs of l-hour tows were made at speeds accepted for each trawl. For each 
of the two trawls mean cod catches by SUR groups, standard deviation (%) and variation 
coefficients of their catches (q, %) were determined. 
M m  catehes taken by the Nomegian trawl, C-., before their comparison with analegous 
Russian one. C-, were decreased by 1.46 d c i e n t ,  which means that they were calculated for 
the equal to it area of fishing. Ratio of those catches, 1.46 C-/CR- was taken as an index of 
relative catchabiity of the trawls and ratio of coeffiaents of their variabiity (root-mean-square 
relations expressed in % to average) was taken as a relative index of variabiity (instabity) of work 
of trawl systems in the whole. 
In 1995, a trawl analogous to C-1800 was manufactured of Russian net materials. 7 pairs of 
synchronous tows were made with this trawl and C-1 800 trawl on cod concentratiom on the Goose 
Bank in the Barents Sea. Works were conducted in December 1995 by 'Bison" and "Ozemitsa" 
trawlers. Because of sirnilar linear s i i  of the trawls, values of openings, towing speed of C- 1800 
trawl and its analogous Russian trawl data fiom those tows were used for calculation of relative 
catchability without additional conections. 
Absolute catchability of the Norwegian trawl C-1800 in relation to cod of diierent length was 
caiculated fiom its relative catchabiity compare to Russian 41.7/43.6 m trawl as weil as fi-om data 
on estimates of absolute catchability of this trawl obtained earlier in the course of specia1 
experiments: 
Methods of experiments on determination of KUR= of the trawl was described earlier (Serebrov, 
1986; Serebrov, Tarasova, 1989). It included determination of density, abundance, species and s i i  
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composition of fish concentrations in the area covered by trawl with the help of towed in fiont of it 
underwater vehicle "Tetis". Abundance of fish in the fishing area accordiig to the formula (1) was 
compared to catches. This permitted us to find catchability coefficients (KU) of the Russian 
sampling trawl differentiated by iize groups of fish. Experimental d u e s  of KU M e r  were 
corrected using specid technique (Serebrov, Tamova, 1993, 1995), which was caused by 
underestimation of a portion of small fish because of their tend to obviate underwater vehicle'. 
The mean catchability of the Norwegian trawl is nearly 7 times higher than that of the Russian trawl 
an iii relation to small fish exceeds it by an order (Table 1). 
As for large fish of 85-105 cm long the catchability ofthe studied trawls was nearly the same. 
Comparison of variability of catches showed that catches of small fish of 6-35 cm long taken by the 
Norwegian trawl were exposed to more considerable random fluctuations than comparatively smdl 
catches of fish of the same length caught by the Russian trawl. 
All these differences in catchability and variabitity of catches are probably caused by specific work 
of "rockhopper" groundrope and ordinary groundrope with bobbis. The latter is c h a r a c t d  by 
relatively large (200-250 mm) clearance between axis of groundrope and sea-bed. This c l m c e  is 
slightly changed when passing bobbins through obstacles. "Rockhopper" has the more dense 
contact with sea-bed but because of peculiarities of its design it "jumps" over obstacles, what give 
fish an opportunity of mass escapement under trawl. 
Table 2 presents results of intercalibration of C-1800 trawl and its Russian analogue. Rigging of 
both trawls was identical. As it is shown in Table 2, catch of the Russian trawl considerably diiers 
fiom catch of Norwegian trawl C- 1800 only in relation to the smallest fish of 6- 15 cm long. The 
differene by fish of 96-105 cm length is probably occasional and statistically uncertain because of 
single occurrence of such fish in catches. Variabiility of catches of the Russian trawl to C-1800 was 
higher than that of 4 1.7/44.1 m and slightly dierred fiom variabiity of catches of the Norwegian 
trawl C-1800. It was probably caused by identical rigging of their groundropes patterned after 
"rockhopper". 
Table 3 presents data on absolute catchabiity of the Russian sampiing trawl and calculated fiom 
them using results of intercalibration (Table 1) catchability coefficients (KU) of the Norwegian 
sarnpling trawl. 
As it is show by Table 3, convertion of experimental (not corrected) values of KU of the Russian 
trawl for fish of 26-45 cm length results in obtaining of KU of the Norwegian trawl e x d i n g  1. 
This once again suggests the necessity of corrections because experimental d u e s  of KU might be 
overestimated since fish were fightened away by underwater vehicle and were underestimated in 
the fishing area during underwater research. 
DISCUSSION 
Estimates of relative catch of the Norwegian and Russian sampling trawls presented in this paper 
were obtained on the basis of rather small number of observations and certainly need refinement.. 
- The conception by L.Serebrov concerning reasons of underestimation of fish and method to 
correct values of catchability was carefully discussed by the PINRO Scientific Council in 1996. 
It was assessed as quite mistaken and not recommended for practical use. Therefore the data 
on "corrected" catchability in Table 3 (KU,) should be regarded as very doubtful. The critics 
of the conception is presented in the paper by M.Zaferman, V-Tretyak and N.Yaragina (1997) 
To the subject of catchability factor (critical comments to "TSKU method"), in: Instrumental 
Methods of Fisheries research, Murmansk, PINRO Press, pp. 178-190. (idilor 's note). 
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The most reasonable muld be to conduct annual intercalibration of trawls before autuinn joint 
surveys for groundfish. 
At present such intercalibratiom are canied out oniy with acoustic systems, because it is precdy 
acoustic data, which are taken as a basis of esthation of groundfish stock. This is related to a large 
measure with the ease of getting and processing of acoustic data. Meanwhile, their deficiency 
caused by the effect of fish masking in the near sea-bed layer by ground refleetion is well-known 
(Mitson, 1983). According to our calculation done on the basis of underwater observations, in some 
periods up to 95% of cod and more can present in the acoustic "dead zone". 
Correction of acoustic measurements by catches under these conditions is completely ineffective 
because of statistical errors. Thus, it is evident that catches of fish taken by bottom sampling trawls 
niay just beconie the main and more reliable source of information on density of concentrations and 
stock of fish in the near sea-bed layer. 
Studies of relative and absolute catchabiity of bottom sarnpiing trawls in this perspedve seem to be 
rather topical. 
Experiments with the Russian trawl analogous to C-1 800 showed that with its help it is possible to 
gain more valuable information than that coming now fiom work with 41.7/44.1 m trawl. Besides, 
when working with the trawl analogous to C-1800 time expenditures for each sink and haul are 
essentialy decreased by 20-30 min. The cost of this trawl is mush lower than that of 4 1.7/44.1 m 
and C- 1 800 trawls. 
Reliablility of estimates of absolute catchability of trawis depends on possibiities of precise 
monitoring of density and wmposition of wncentrations fished. When using means of underwater 
obsevations: manned apparatus, divers, underwater photography and TV, the &ect of them on 
behaviour of objects of observation, especidy when d c i a l  lighting is applied, may be the main 
source of errors. Besides, small distance of observation caused by both water transparency and 
nemsity of reliable identification of objects considerably restrics the observed area of sea-bed 
before the trawl. 
Because of the above reasons, by means of underwater observations it is usudy managed to get 
statistidy reliable estimates only of relatively dence concentratiom of objects which do not avoid 
a~~roach  of underwater m~aratus to the distance of reliable idenMcation. I 
CONCLUSIONS 
The research showed that 41-7/44 1 m trawl with a small-mesh insertion in the codend, which was 
applied for surveys, did not provide both the effective fishing for cod until 35 cm long and, 
therefore, the control over the total sin of ste especialy of recmitment. 
To get over this drawback it is reasonable to use of Russian trawl analogous to C-1800 with 
"rockhopper" when carrying out sampling surveys. To obtain convert coefficients and to use retro 
data when changing over to the new bawl it is necessary to carry out large-scale investigations on 
determination of comparison catch by 41.7144.1 m and Russian trawl analogous to C-l 800. 
The new trawl will allow for better account of recmitment and reduce survey time. 
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Table 1 .  Relative catch of Russian and Norwegian sampling 
Lenqth of Russian trawl 
fish, cm 41.7/44.1 m 
Mean. Devia- Varia- 
spec. / tion, t ion 
hour Iu coef f., 
+Y, % 
6-15 
16-25 
26-35 
36-45 
46-55 
56-65 
66-75 
76-85 
86-95 
96-105 
106-115 
Mean 
- 
Note: Ratio of catches is given as converted to the equivale 
rawls. 
Norwegian trawl C-1800 
t area. 
Mean Mean Devia- 
spec./ spec./ tion, 
hour hour _+a 
from 
equi- 
valent 
area 
Varia- 
tion 
coeff. 
fyf% 
Mean Norw.1 
Mean Russ.* 
170.8 249.3 122.7 49.2 
37. 6 54.9 36.9 36.9 
74.0 108.6 65.4 60.5 
82.0 56.1 42.0 74.8 
76.8 112.1 56.0 50.0 
26.6 38.8 25.2 65.0 
3.4 4.9 2.4 49.6 
4.6 6.7 5.7 85.0 
1.7 2.5 1.38 55.0 
1.3 1.9 0.83 42.8 
1.0 1.46 - - 
478.2 636.7 173.4 27.2 
ty,%~orw./ 
 RUSS. 
Table 2. Relative catch of C- 1800 and its Russian analogous trawl. 
I 
Length o f  
f i s h ,  cm 
R u s s i a n  t r a w l  a n a l o g o u s  
to C-1800 
Norwegian t r a w l  C-1800 
Mean. 
s p e c .  / 
hour 
Devia-  V a r i a t i o n  
t i o n ,  c o e f  f . 
f u fy,%, 
f y ,  % N o r w  . 
/ * y ,  %Russ 
Mean 
Norw. / 
Mean 
R u s s .  
7.0 
0.98 
1.04 
0.90 
1.10 
1.2 
1.34 
1.37 
4.0 
Mean 
spec. / 
hour 
185.2 128.7 69.5 
208.2 119.1 57.2 
72.5 24.9 34.4 
269.2 191.5 71.1 
391.0 334.4 85.5 
213.3 181.9 85.1 
54.2 47.5 87.6 
7.4 4.0 54.6 
4.0 0.0 - 
1. o 0.0 - 
Devia-  
t i o n ,  
ia 
Var i a t i o n  
c o e f f .  
f y , % ,  
Norw. 
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Table 3. Absolute catchability of  Russian and Norwegian sampling trawls. 
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SAMPLING GEAR SELECTIVITY AND ITS EFFECT ON ESTIMATES 
OF MEAN LENGTH AT AGE 
Institute of Marine Research 
P.O.Box 1 870 Nordnes, 5024 Bergen, Norway 
ABSTRACT 
Using data fiom the Norwegian bottorn trawl surveys in the Barents Sea in February 
( 1989- 1996), the International O-group surveys in the Barents Sea (1 985-1 996) and 
previously estimaied selectivity for the standard Norwegian sampling gears, effects on 
estimates of mean length and weight at age are shown. For the younger fish rnean lengths 
at age are biased upwards, the relative bias increasing with decreasing size. 
INTRODUCTION 
The standard sarnpling trawl used during the annual Norwegian bottom trawl survey in the 
Barents Sea in February, has been shown to have a length dependent catching efficiency for 
cod and haddock (Dickson, 1993b). The obvious effects on the abundance estimates have been 
studied by several authors (Gods and S u ~ a n å ,  1992; Engås, 1994; Aglen and Nakken, 1997) 
and it has also been pointed out that a length dependent catching efficiency will give biased 
estimators of mean length (and weight) at age (Gods and S u ~ a n å ,  1992). 
The standard pelagic trawl used in the annual international O-group survey in the Barents Sea 
'has also been sfudied by comparing catch length fiequencies with those fiom an experimental 
juvenile gadoid sampling trawl (Godnr et al., 1993; Hylen et al., 1994). Hylen et al. (1994) 
estimated length dependent correction factors for the density estimates fiom standard trawl 
assuming that the experimental trawl had no change in efficiency with fish length. These same 
correction factors can also be used to correct biased estimators of population parameters such 
as mean length and weight at age. 
This paper considers size dependent changes in catching efficiency as estimated in previous 
works by Dickson (1993b), Aglen and Nakken (1994) for bottom trawls and Hylen et al. 
(1994) for O-group trawl. The results are derived assuming that the given efficiency curves 
(selection curves) represent the "truth". Many other factors than fish size affect the efficiency 
of sampling gears and there is a range of complex questions demanding investigation in the 
future. This paper discusses the need for correcting biased estimates of length and weight at 
age, the magnitude and how to correct such biases. 
MATERIALS AND METBODS 
The Barents Sea bottom trawl survev data 
The data from the Barents Sea surveys fiom 1989 to 1996 together with the results obtained 
by Dickson (1993b) are used to show the effects on estimates of mean length and weight at 
age. The Dickson results for both cod and haddock are presented in Fig. 1 as curves showing 
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the effective fishing width of the trawl in relation to fish length for both species (Dickson, 
1993 b; Aglen and Nakken, 1994). 
The standard bottom sampling trawl is a Campelen 1800 shrimp-trawl with 80 mm mesh size in 
the front. The codend had 35-40 mm stretched mesh size until 1993, but since 1994 the trawl 
has been equipped with a codend mesh size of 22 mm. Sweep lengths are 40 m and in the 
period 1989-1996 both Steinshamn V- and W-doors, 7.1 m2 (1500 and 2050 kg) and Vaco 
combi door, 6 mZ (1500 kg) have been used. 
The International O-erou~ survev data 
The data from the international Barents Sea O-group survey 1985-1 996 were analyzed using 
the correction factors estimated by Hylen el al.(1994). This correction factor was derived from 
experiments with alternate hauls of the standard sampling trawl and an experimental juvenile 
gadoid sampling trawl (Godø et al. 1993). 
Only a subset of the O-group survey data each year was used. Only trawl stations east of 20" E 
. west of 38" E and south of 75" N were used in the andysis. Other areas of the Barents Sea 
had a varying degree of coverage during these surveys. The data in the subsets represent 
regular station grids ranging in number fiom 70 stations in 1995 to 107 stations in 1986. In 
1995 and 1996 the trawl stations were located on equidistant grids, but earlier surveys used 
north-south course lines with a constant distance between fixed statiowalong the course line. 
Analvsis of bottom trawl survev data 
The analysis of the bottom trawl data compares uncorrected estimates of mean length and 
weight at age with results using corrected estimators of these population parameters. 
Abundance estimates by length use point observations of fish density (trawl stations): 
s,i station number, length in cm 
p ,  density of fish (number per nautical mile squared) of length i observed at station s 
fsj number of fish measured of length i at station s 
weight of catch, weight of length sample at station s 
d, towed distance at station s 
The Dickson corrected effective fishing width in meters Di for cod is calculated as (fi-om Aglen 
and Nakken, 1997): 
D, = 5.9 1 i'." 
Di = Dis for i 5 15 cm 
D , = D  62 for i 2 62 cm 
And the Dickson corrected effective fishing width (meters) Di for haddock is calculated as: 
D, = 2.08 - 
D, =Dis  for i 5 15 cm 
Di = D4* for i 2 48 cm 
while the traditional estimate for both species uses a constant effective fishing width: D, = 25.0 
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Point observations of densities are surnmed up to 5 cm length groups and then used to 
calculate stratified indices by length groups: 
I"' P.! uncorrected abundance index in stratump for length group l 
I Dickson corrected abundance index in stratum p for length group I 
Ap area of stratump in nautical miles squared 
N,, number of stations in stratum y 
The Norwegian sampling scheme samples age stratified in 5 cm length groups. For each 
stratum, length group and age group the following uncorrected proportion can be calculated: 
i ~ p . l . 0  p =- 
p.l .0 
IlP.1 
l (4) P P  proportion of age group a in stratum p and length group l 
ilp,,a number of sarnples with age a in stratum p and length group I 
l p  number of age samples in stratump and length group 1 
The Dickson corrected proportion is: 
Both proportions are used together with the corresponding population parameter. Uncorrected 
mean length in stratum p length group l and age group a is: 
I C L P . , , ,  
- 
i - 
i b I1P.1.a (6) 
while the Dickson corrected one is: 
The proportions (age-length key) are used to calculate the following indices: 
I p ~ . a  - 'p .{  . pp.~.n (8) 
using I s )  and (4) for the uncorrected version and I:) and (5) for the Dickson corrected one. 
Finally the total indices are calculated by appropriate summation. Population parameters are 
calculated as weighted means: 
p.1 La = x ' p J . a  (9) 
P.1 
using (6) for the uncorrected estimate and (7) for the Dickson corrected estimate. Mean weight 
at age is calculated similarly. Note that the relative change in effective fishing width within 
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a 5 cm length interval is largest for the small fish. The correction had very little effect on the 
weighting factor for larger fish. The effective fishing width of cod increases 13% fiom 15 to 20 
cm fish length, but only 3.8% from 55 to 60 cm. For haddock the Dickson correction result in 
a 24% increase in effective fishing width from 15-20 cm and 9.2% increase from 40 to 
45 cm. 
Analysis of the O - ~ r o u ~  survev data 
The analysis of the O-group data is simpler since no age samples are needed. The sarnples 
treated are all O-group fish and there is no age sampling. Hylen et al. (1994) gives a correction 
to be applied directly on each observed length distribution. For each station the frequency at 
length is given a weight equal to: 
W ,  = 1 + (10) 
where a=-8.03 and b=0.838 for cod and a=-4.16 and H . 4 2 2  for haddock. This corresponds 
to the curves presented in Fig. 2 (I992 curves). The length L is in cm. The corrected estimate 
is the now the weighted estimate of mean length using weights from (lo), while the 
uncorrected estimate is the unweighted estimate of mean length, the original estimator. 
For both surveys the percentage bias is calculated as the difference betden the uncorrected 
estimate and the corrected estimate divided by the corrected estimate and multiplied with 100. 
Clearly this is only an estimator of bias. The true bias could be calculated from a true (known) 
length distribution, but the main point remains that the bias is depending on both the shape and 
position (mean) of the underlying length distribution. The bias in weight is calculated similar to 
(1 1). Since both sampling trawls have reduced catching efficiency for smaller fish the 
uncorrected estimates is always higher than the corrected ones and the bias is positive. 
RESULTS 
I 
Figs. 3 and 4 show the estimated bias in mean length and mean weight at age for ages 2-5 for 
cod and haddock. 
The bias is shown only for ages 2-5. Age l is not incIuded since correction curves for both 
species flattens out at l5 cm and most of the 1 year old fish are below that limit. If the l-group 
was included then the bias would mainly reflect the proportion of 1 year old fish above 15 cm 
and not be comparable with the other results. Similarly, most fish of ages 6 and older are above 
62 cm (48 cm for haddock). 
The results from the O-group surveys are presented in Fig. 5 where the corrected and 
uncorrected mean length of cod and haddock is shown together with the calculated bias. 
DISCUSSION 
The bias in estimated mean length (or weight) at age due to size dependent selectivity of 
sampling gears has been mentioned by other authors. Goda and Sunnanå 1992 studied size 
dependent changes in catching eficiency by comparing catches in the standard Norwegian 
bottoni sampling trawl applied with Bobbins gear and the Rockhopper gear. Their main 
concern was that changes in growth (and size) would lead to a varying bias in abundance 
indices at age, but they also mentioned effects on observed mean length at age l for cod and 
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haddock. They also noted that due to mesh selection only the largest l year olds were retained 
in the cod-end and the annua1 variation in mean length of that age group therefore tended to 
stabilize. In their discussion on variability of bias in the abundance indices they also pointed out 
that correction of such time series introduced a reduction in accuracy both through uncertainty 
in the correction curve itself as well as in the estimation. 
For size groups where the trawl samples with very low efficiency the accuracy of the estimates 
will be particularly low. And of course: For very low catching efficiency the proportion of zero 
catches for that size class rnight be drastically increased. Low catching efficiency can thus not 
be corrected for in the manners used in this paper. A possible solution to this problem is to 
smooth tlie observed length distribution, but that will rely heavily on assumptions regarding the 
underlying true length distribution, and errors in such assumptions are another source of bias. 
In the Norwegian bottom trawl surveys the "Dickson" correction has been applied since 1995. 
This is a simplified correction on the estimated length distribution and there are no correction 
applied to tlie age-length keys. This lack of correction has very little effect on the estimates of 
iiiean length and weight at age, but could be important for the estimates of abundance. The 
correction of age-length keys gives larger weight to the small fish so the proportion of younger 
fish will be higher. If no correction is applied older age groups are overestimated on the cost of 
younger age groups. 
The anaiysis described in this paper assumes that the given correction curves represent the true 
selectivity of the sampling gears. This clearly is not the case. As pointed out by Dickson 
( 1  993b) the observed change in size dependent catching efficiency is an "overall" mean effect 
and a result of severai factors. He points to otterboard effects, sweep and sand cloud effects 
which will vary with the visibility. In addition it would be reasonable to address effects of 
temperature, vertical migration and fish density. Future research should emphasize the 
quantification of each of these factors on the catching efficiency. 
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Fig. 1 Effective fishing width of the standard sampling trawl. 
Fig. 2. Correction factors (multipliers) to be used for density estimates based on the standard 
sampling trawl. From Hylen et al. (1994). 
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Fig. 3 Estimated bias in length (top) and weight (bottom) of cod for ages 2-5 by cohort. 
- -- 
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Fig 4 Estimated bias in Iength (top) and weight (bottom) of haddock for ages 2-5 by cohort. 
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Fig. 5 Conected and uncorrected estimates o f  mean length of O-group Cod (top) and 
Haddock (bottom) with the estimated bias for the uncorrected estimate given in percent. 
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MULTISAMPLER - A NEW TOOL FOR USE IN SAMPLING TRAWLS 
RSkeide, A.Engås and C.W. West 
institute of Marine Research 
P.O. Box 1870, N-5024 Bergen, Nonmy 
ABSTRACT 
The MultiSampler is a system to be mounted in sampling trawls to give better estimates 
and knowledge about fish stocks.The system is remotely controlled via a hydroacoustic link 
from the vcssel. It consists of a rigid steel fi-ame with three separate &ds replacing the 
standard codend in a sampling trawl. The MultiSampler takes three separate and unique 
samples from dierent depths in one trawl haul. The system is developed by the Institute of 
Marine Research and Scanmar. We are now at the end of the development period, and the 
system has already been used in regular abundance estimation cruises for spring spawning 
hemng. 
INTRODUCTION 
Large pelagic trawls are used during Norwegian hydroacoustic surveys in the Barents Sea to 
obtain biological samples of the organism detected acoustically. Often the echosounder 
recordings show that organism in the survey area are stratified into discrete bands or layers 
- 
wi€hXhe water c o l ~  Wiihout some means of d i s ~ y ~ p i i n g i e a c h n  ?$FcifiElayer, 
questions arise regarding the size- and species composition in the different layers. Ideally, 
several discrete samples from different layers should be sampled within a single haul, because 
the situation in the water column can easily change during the time required to take in and out 
the trawl several times. 
With these concerns in rnind, researchers from the Fish Capture Division, in co-operation with 
Scanmar, set out to develop a wireless remotely controlled system for opening and closing 
several codends in sequence during a single hau1 and with the trawl's sil end open during the 
intervals between each sample. 
SYSTEM AND OPERATION 
The complete system, which we have named the "MultiSampler" (Fig. l), replaces the 
extension section and codend of one of the Institute's large pelagic trawls (vertical opening 
30 m). As presently configured, the principal component is a rigid stainless steel fiame, 
installed to the specially tailored extension section to slope down and afi at approximately 45 
degrees when fishing, carrying three &Il-sized codends and the release system components. 
The cross-section of the frame's opening is approximately I m*. The release system consists of 
the motor drive and release mechanism from a Mocness plankton sampler, controlled and 
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monitored by a Scanmar HCL hydroacoustic communication link, with a separate rechargeable 
battery pack for power. The codends are attached at their top and bottom edges to stainless 
steel profiles spanning the width of the MultiSampler's frame, with the profiles fiee when 
released to slide down and aft along stainless steel bars under the force of water flow and 
gravity. A control unit on the vessel communicates hydroacoustically with the HCL to 
command release cycles and to receive and display operation verifications and other status 
reports. 
Before shooting the trawl, the three codends of the MultiSampler are lifted to the top of the 
frame (Fig. 2), and toggle-ended wires fiom all six upper and lower profiles are sequentially 
loaded into the Mocness release unit. With all three codends in their uppermost position and 
the mouth of the frame open, the net is shot away and deployed to the depth fiom which the 
first sample is to be taken. On command from the shipboard unit, the bottom profile of the first 
net is released, allowing it to fall to the bottom of the frame where it is captured by a ratchet- 
like device. This ratchet is also fitted with a switch that sends a signal to the ship via the HCL 
that the first codend is now open, ready for sample collection. When sufficient time has 
elapsed, a command is sent to drop the first codend's upper profile, which also triggers a 
confirmation signal as it passes the ratchet. At this point the MultiSampler is open and fish can 
again pass fieely through it, with two closed, empty codends in readiness at the top of the 
frame and the first codend at the bottom, now closed and containing its sample. The net's 
position can be adjusted in readiness to take the next sample, and once there it can be towed 
briefly in its open state to flush out any lingering fish from an earlier period of the tow. At this 
point the nest sample collection cycle can be initiated, and so on until all three codends have 
been deployed. 
The system is dimensioned for 600 m depth and can normally be operated in a distance of 
1500 m. 
RESULTS 
The MultiSampler system has been used routinely to take samples of acoustically detected fish 
during several hydroacoustic surveys assessing herring abundance in northern Norway. 1 
During these cmises, it operated reliably for 24 hauls out of 28. A self-contained underwater 
video recording system was used to observe system operation in sittr. It confirmed that the 
profiles fell correctly on command, opening and closing the codends. A grid-angle sensor 
confirmed that the frame maintained a stable 45-degree attitude throughout the operational 
cycle. 
During four hauls, some problems communicating motor commands and confirmation signals 
occurred due to difiiculties with correctly onentating the towed underwater hydrophone. In the 
tuture, this problem will be addressed and hopetully resolved by switching to a hull-mounted 
hydrophone. 
The results obtained with the MultiSampler system during herring surveys have shown that 
tliere is a substantial degree of size stratification of fish within the water colurnn even within 
one layer, with smaller fish nearer the surface and larger fish deeper (Røttingen, 1996). 
Soiiietiines in very dense shoals of hemng we got problems with the communication to and 
from the MultiSampler. It showed up to be herring that filled up surplus netting in the aft end 
of the exterisioii section. We have no changed fiom diamond to square meshes in this section 
and Iiope we have solved the problem. Some other improvements have been done on the 
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mechanical parts, and Scanmar has put a lot of effort into making their part safe and easy to 
operate. 
A test of the system is camed out in these days to verifi that the results of the improvements 
are satisfactorily. 
CONCLUDING REMARKS 
The MultiSampler system makes it possible to take severai uncontaminated samples during 
discrete, user-selected periods within a single trawl haul, using conventional large-scale trawl 
gear. It can be quickly installed on many different types of trawl, or shifted from one trawl to 
another, and requires little extra care when shooting and hauling. Whereas this first system was 
designed to carry three codends and has so far only been used during pelagic trawl hauls, other 
configurations or applications can certainly be accomrnodated within the concept. 
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BARENTS SEA RED KING CRAB (Parafitltodes camtscliatica): 
A REVIEW AND DISCUSSION OF SAMPLING METHODS 
Marianne K. ~ufthammer' and Sergey ~uzmin*  
l Institute of Marine Research, P.O. Box 1870, N-5024 Bergen, Norway 
2 PiNRO, 6 Knipovich str., Murmansk, 183763, Russia 
ABSTRACT 
Stock assessments for Barents Sea red king crab are based on catch and effort data from 
research vessel surveys and trial fishery. Different rnethods can be used for sampling red 
king crab abundance, such as trawl, traps and underwater TV surveys (Hufthammer et al., 
1996a). Advantages and disadvantages using the diilkrent methods are discussed, and 
suggestion5 are given for b r e  sampling. 
INTRODUCTION 
The long term objective is to build up a king crab population in the Barents Sea and the 
adjacent inshore coastal waters, which may sustain a significant commercial fishery. To 
achieve this, the following management measures should be enforced (Huflhammer et al., 
1996b): 
- Prevent overexploitation and secure a sustainable harvest of high quality crabs. 
I - Safeguard recruitment to the exploitable stock by protecting the imrnature crabs as weil as the females and the adults of both sexes during moultinglmating season. 
1 - Reduce incidental crab mortality resulting fi-om king crab being taken as bycatch in the commercial fisheries for other species. 
In Alaska, quotas are set after predicting abundance by annual trawl surveys (Otto, 1986). In 
the Barents Sea region, quota recomrnendations are based on annual research surveys and trial 
fishery with traps and trawl. The minimum legal size of males recommended by the Russian- 
Norwegian Fisheries Commission is presently 15 cm carapace width. Females and undersized 
males are released when captured, and the fishery is closed in early spring, during the 
moulting/mating season, to protect the crabs. During this period and for some time thereafter 
the crab meat is in general of poor quality, and commercial fishing should also for this reason 
be closed. 
Many cmstacean fisheries have restrictions on destmctive gears such as trawls or tangle nets, 
often limiting gear to pots only, so as to minimise the handling mortality of female and under- 
sized male crabs (Basson and Hoggarth, 1993). Most cmstacean stocks appear to have highly 
variable recruitment and fluctuate widely in abundance. 
The king crab assessments submitted to The Mixed Russian-Norwegian Fisheries Commission 
in 1993 and 1994. were for both countries based on trap surveys to map crab distribution and 
to provide estimates of average catch rates in the various subareas of crab distribution. In 
1995 and 1996, Russian trawl survey data were used to estimate crab density in the Russian 
zone, while Norway continued with trap surveys. 
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There exists a general dificulty in assessing abundance of benthic organisms. Traps, trawl, 
remote photography or television, manned submersibles and SCUBA-diving are all methods 
used to estimate abundance, and they all have their limitations. 
TRAWL 
Bottom trawl surveys are relatively eficient and convenient for sampling in areas where the 
crab are distributed on trawlable grounds. However, at present the Barents Sea king crab also 
inhabits large coastal areas, which for topographic reasons are not accessible for trawl surveys. 
In other parts of the main distribution area, trawl surveys are and have been 
successhlly conducted by PTNRO. Fig. I and 2 show the trawl used by PTNRO for crab 
surveys. The method is based on a constant catching eficiency of the trawl gear used and that 
the swept area can be reliably estimated or measured. The assumptions for the trawl surveys of 
Barents Sea king crab are so far based on experience from similar work in the Russian Far 
East. 
A standard tow is conducted by towing at a fixed target speed of 3 knots for 30 minutes. A 
bottom trawl with footrope "rockhopper" design was used. Biomass estimates are then 
obtained using equations given by Gunderson (1993). 
The swept area method is not always applicable to mobile benthic stocks such as crabs owing 
to sharp slopes and rough bottoms for trawling (Arena et al., 1994). Trawl als0 introduce 
large errors possibly due to the net bouncing on the bottom and thus allowing crabs to escape 
undemeath the ground rope (Melville-Smith, 1986). It is also a destructive gear, resulting in 
high mortality of animals caught. 
Population estimates and biological information fi-om trawl surveys are used in conjunction 
with fishery statistics as the basis for management of red and blue king crab in the Eastern 
Bering Sea (Otto, 1986). 
Prohibitions against the use of trawls and tanerle nets were instituted to reduce handlinn 
males 
TRAPS 
According to Miller (1990), the catchabiiity coeflicient can be useful for converting catch per 
trap to stock density if it can be estimated with enough accuracy and precision. He also says 
that catch rates by traps remain the most convenient measure of relative or absolute population 
density for most decapod species. However, a disadvantage with traps is that the catchability 
of the target species changes with many biological and physical variables. Fig. 3 shows the trap 
used for king crab in the Barents Sea. 
Research vessel surveys and trial fishing with traps may provide good seasonal and 
geographical coverage of the main coastal distribution area as well as annual estimates of 
relative abundance. To convert these into absolute stock strength in terms of crab numbers, a 
measure of the trap's nominal, effective fishing area has to be applied. Since no relevant 
Barents Sea data for evaluating this is at present available, a nominal trap fishing area of 7900 
square meters. derived from data by Nizyaev (1 991), was used in the assessments previously 
reported to the Commission (table 1) (Berenboim and Olsen, 1993; Kumin and Olsen, 1994, 
1995; Huflhammer ei ai., 1996~). This value was estimated from comparisons in the Russian 
Far East between trawl and trap catches of king crab. For snow crab in Canadian waters, 
analysis of trap catches and crab density estimates from an underwater-photography survey 
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gave a nominal trap catching area of 4100 square meters (Miller, 1975), which provides 
estimates 1.9 times higher than those by applying the Russian value. 
However, such area-estimates to calculate densities are fraught with dificulty. Many factors 
are involved, such as water currents, topography, type and amount of bait, size of trap, 
distance between traps, trap mesh size, soak time and detection abilities of the animals. It is 
therefore great uncertainty on how large the effective fishing area of a trap actually is. 
Accorditig to Basson and Hoggarth (1993) food detection is likely to be highly developed in 
benthic animals, and there are a strong possibility of overestimating abundance by such 
iiiethods. 
The method assumes that all crabs within the effective fishing area of the trap are caught. 
Melville-Smith (1986) finds this assumption unlikely, so that the calculated effective fishing 
area of a trap is probably an overestimate. Separate assessments for some of the fjords in the 
Varanger-area clearly indicate that the method underestimates the standing stock of crabs in 
these areas. Thus, the estimated numbers in September/October 1994 and 1995 of large male 
crabs in Kobbholmfjord amounted to only a fiaction of the actual catches taken there during 
the same periods. Possibly the very varying topography of the coastal areas restricts the 
effective catching areas of the traps. 
Vienneau et al. (1993) observed different conical snow crab traps by means of underwater 
video camera. The location of the bait and the number of entrances seem to be important 
factors goveming the performance of the trap. The most eficient trap of those tested in the 
study was the conventional single large entrance trap which was baited in the centre, at lower 
than middle height. 
1 DIRECT METEIODS 
I Underwater TV surveys could be usetul for direct estimations of crab stock. PINRO has carried out experiments in coast regions (Kuzmin and Serebrov 1995) and in Kola Bay (Zafermen, 1997) wbich sbowed a possibility of ~bservbg md counthg ~rabs under water. 
The underwater visibility by TV in Kola Bay was about 5-6 m, which provided very good 
observations. UW-TV trials conducted by JMR in South Varanger crab locations with soft 
bottom indicated restricted visibility due to turbid water. Additional experiments are needed to 
adapt the method to various water conditions, and to develop the method to obtain 
standardised transect data. 
All sampling gears have limitations. Miler (1975) found that both bearn trawl catches and 
sight counts from a submersible underestimated crab density. Bottom photography was found 
to be a more accurate method, and based on this, he calibrated a commercial crab trap for 
effective fishing area. However, photography is a reliable but slow method, and only relatively 
small areas can be covered (Melville-Smith 1986). High turbidity results in reduced visibility. 
Manned submersibles share the disadvantages of film and video with the addition of high cost. 
SCUBA-diving is limited to a practical survey depth of 20 m, the search area is small, areas of 
high relief can be searched only slowly if at all, and specially trained personnel is required. 
PINR0 carried out SCUBA-diving investigation in summer 1996 and spring 1997 in Kola 
Bay. 
DISCUSSION 
Scientists dealing with assessment methodologies have tried to develop alternative methods 
for estimating the abundance of crabs. Trawl, traps, submersibles, video and photography have 
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been tried. None of these methods are up to now reliable enough, and turther attempts must be 
made to develop more reliable techniques. 
The applicability of the trap and trawl surveys is largely dependent on the reliability of the 
conversion from relative abundance (CPUE x distribution area) to absolute stock strength 
numbers. The nominal trap catching areas and trawl catching efficiency coefficient applied in 
the present and previous assessments, derived from Russian studies, are most likely 
underestimating the crab abundance. Experiments to establish catchability coefficients diiectly 
relevant to the Barents Sea king crab should therefore receive high priority. 
The present king crab stock assessment work is primarily aimed at the mature segment of the 
population and provides only incidental observations and data of immature crabs. Rational 
resource management also requires forecasts of future recmitment to the exploitable stock and 
efficient methods and routines to evaluate and monitor the abundance of immature crabs are 
therefore greatly needed. 
Small. immature king crabs appear in dense clusters or pods believed to increase survivai by 
mitiitnising the vulnerability to predators (Powell and Nickerson, 1965; Dew, 1990). The most 
serious limitation in studying juvenile king crabs is the lack of suitable fishing gear selective for 
small crabs. A sausage-shaped artificial collector that passively coilects young-of-year red king 
crabs has been tried (Blau and Byersdorfer, 1994). These collectors are being used in an 
attempt to estimate fiiture recmitment to the comrnerciai fishery by indexing young-of-year 
red king crabs with adult crabs from the same cohorts. This is, however, a long term approach, 
and can be highly inaccurate due to variable mortality. Numerous small king crabs can 
occasionally be caught in traps. Presently, no appropriate sarnpling device for these small crabs 
exists. To achieve an index of recmitment to legal size, a gear/method for sampling these crabs 
should be developed. 
The reproduction cycle need to be studied in more detail, especially with regard to time of 
season in different sub-regions, and identification of possible special "nursery locations". 
Possibly, in the fiiture we will have to close areas to protect important nursing and 
moultingJrnating areas. Such locations have been located on the Russian mast and may well be 
identified also in the Norwegian zone. The trapdpots to be used in the commercial fishery 
should be covered with netting of a specified, minimum mesh size, e.g. 70 mm, to facilitate 
escapement of small crabs. Alternatively the trapdpots are to have installed escape rings of a 
specified diameter. In addition the traps/pots are to be provided with self-destmcting escape 
panels to prevent ghost-fishing by lost traps. Traps used in research surveys might have 
smaller meshes for catching smaller crabs. 
Further improvements are required, especially with regard to obtain advance information 
about the recmitment potentials (yearclass/cohort strengths), and to convert relative indices 
into absolute abundance by estimating a trap's catchability coeflticient. Methods for fish 
behaviour studies and fish behaviour in relation to fishing gears are aiso important issues. 
Radio link telemetry positioning will be used for this purpose, and this will receive high 
priority in the fiiture. 
PINRO has developed and used an UW-TV system, combined with a computer and software, 
for their scallop surveys. This system and the towed underwater vehicle Focus 400 (IMR) 
should be tried out for estimation of crab density. It is advisable to carry out future 
experiinents on the TV survey of crabs at some limited areas. TV observations can also be 
used for studies of crab behaviour and for evaluation of catching efficiency in trap and trawl 
surveys. 
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Fig. l .  Trawl used by P M 0  for crab surveys. 
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Fig. 2. Rigging of trawl used for king crab in the Barents Sea. 
Fig. 3.  Technical drawing of king crab trap used in the Barents Sea. 
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GENERAL CONCLUSION 
The topic of this Symposium was "Gear selection and sampling gearsy'. However the scope 
was much broader than that, since a considerable number of presentations (approximately one 
half) were focused on methods and results of fish behaviour studies. And this is quite 
understandable because by now it has become obvious that problems of selectivity and 
eficiency of fishing gears as well as their use for fish stock assessment can be solved only on 
the basis of profound knowledge of fish behaviour both under natural conditions and when 
interacting with fishing gears. Therefore, many issues concerning fish behaviour that earlier 
looked like somewhat theoretical, have now become focal with respect to stock assessment 
and conservation of fish resources. 
Russia and Norway share the responsibility for the management of fish resources in the Barents 
Sea region. In the last decades an unfortunate prospect of potential decline and extermination 
of those resources in relation to increased comrnercial fleet capacity emerged. In order to avoid 
this, stringent measures had to be applied in regulation of the fisheries related both to catch 
quotas and to catch composition. For effective regulation of the fisheries improved and more 
detailed information on the state of resources had to be gained. As a result, fisheries 
independent data of research surveys have considerably grown in importance and form the 
basis for contemporary knowledge of fish resources and help to enhance the efficiency of the 
fisheries. 
Thus, an improved understanding of the selectivity of fishing gears through studies of fish 
behaviour is required for optimal regulation of the fisheries and for designing more efficient 
research fishing gears. 
A long-time collaboration between IMR and PINRO enabled us to uniQ some methods for 
investigation, first of all in the field of stock assessment. However, there is no yet complete 
m u t u a . l _ i i n d e r & m h g - h & u x d l g t h e  to studieudies of fish behaviour. it can be 
said that they are still studying each other. Therefore, extensive prospects for combiing 
scientific efforts in the tuture can be anticipated. In this light an exchange of information within 
the frames of this Symposium was extremely usetul and well-timed. 
In total 19 papers were presented at the Symposium of which 9 were fiom IMR., 9 fiom 
PINR0 and 1 joint paper. Such a "parity" (by no means planned but accidental) indicates an 
approximately equal intensity of research in this sphere conducted by both Institutes. Certainly, 
in many instances putting of problems and approaches to resolve them are different, however, 
under fiirther development of scientific cooperation they are seen quite compatible and 
mutually supplementary. 
Mutual familiarization with methods used by both Institutes in fish behaviour studies should be 
considered as the most important outcome of the Symposium. A considerable part of papers 
was either completely or partially dedicated to the descnption of methodologies and relevant 
equipment. It is of great significance for scientific cooperation, since a methodology is an 
important component of any science, and only correct methods give reliable data. The 
researchers have become fatniliar with application prospects of a number of new, sometimes 
unique instruments and fishing gears used for behaviour studies and assessment of stocks of 
fish and shellfish. 
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Coincidence of views of researchers fiom the two Institutes on some important issues should 
specially be noted, and in particular on those related to the impact of behaviour and vertical 
distribution of fish of various species and size on estimates of fish abundance in a near-bottom 
layer. 
A need was recognized to develop a closer cooperation in studies of fish behaviour. From the 
practical point of view, the most important areas of such cooperation are as follows: 
i creation of scientific basis for updating and correct interpretation of data provided by trawl- 
acoustic suweys with account for features of fish behaviour and distribution in a near- 
bottom layer and catchability of bottom trawls; 
studies of fish attraction to a longline and evaluation of longline catchability (although a 
longline can not be regarded as a quantitative instrument, nevertheless it could provide at 
least an approximate estimate of fish density in locations where longlining take place); 
experiments to study the relationship between echo intensity and fish density with account 
for a possibility of fish turning into stressed condition; 
i joint investigation of Barents Sea king crab by means of TV surveys; 
i exchange of information on new methods and equipment used for studies of behaviour and 
distribution of fish and shellfish. 
The researchers of IMR and PINRO have expressed hope that the Symposium on this topic is 
not the last one and will be an incentive for further widening of collaboration between the two 
Institutes. 
M.L.Zaferman, 
The Editor 
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